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RAISING ORPHAN PIGS",II 
Modifying Cows' Whole Milk With Sugar and 
Cream; Heat Treatment of Cows' Whole Milk; 
Vitamin Modification of Cows' Whole Milk 
By JOHN M. EVVARD, Q UINTIN W . WALLACE AND G. V. GLATFELTER 
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IOWA STATE COLLEGE OF AGRICULTURE 
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SUMMARY plOR SERIES V 
High cream (butterfat) modification of cows' whole milk 
was found undesirable. Disastrous results followed the feed-
ing of milk rich in fat. Tht pigs receiving this high fat milk 
all died. These results corroborated the work of others. 
Sugar modification of cows' whole milk, while better than 
cream (butterfat) modificaticn, was not advantageous. 
Cows' whole milk appeared to be a splendid feed for young 
orphan pigs when fed in conjunction with shelled corn, meat 
meal tankage and block salt, self-~ed, free-choice style. 
SUMMARY FOR SERIES VI 
Straight whole raw milk appeared to hold its own in this test 
with the other milk preparations. The lot fed on pasteurized milk 
showed up especially well, which may have resulted partly be-
cause only one pig was left in this lot; he was a very good indi-
vidual. The lot receiving milk (brought to the boiling point) 
likewise, had only one pig left at the end of the experiment. He 
was an especially good individual, and this fact was influential 
in building up the average for this lot. Lot IV, receiVing milk 
(boiled five minutes) had two pigs at the end of the experiment 
which did not show up as well in all respects as Lot I. 
Because one of the pigs in Lot IV became very lame and un-
thrifty at the close of the mi.lk feeding period, we wonder wheth-
er the boiling may not have reduced the vitamin content of the 
milk, causing the lame condition. 
SUMMARY FOR SERJES VII 
The addition of vitamin carriers, to the ration of whole milk, 
shelled corn, meat meal tankage and salt fed to orphan pigs 
was apparently attended with success. All the pigs receiving-
vitamin feeds showed the good effects of this supplementation. 
However, it cannot be definitely stated that the results were 
due entirely to the vitamins of the additions. The vitamin 
substances also carried proteins and minerals and these may 
have been factors in promoting the better results. The results 
obtained are suggestive. 
While the orange juice fed pigs made a slightly greater gain and 
more economical utilization of feeds than the tomato juice fed pigs, 
this advantage was very slight. Since the tomato fed pigs were 
smoother in conformation and had stronger, straighter legs, we con-
sider the tomato juice was slightly superior to the orange juice. How-
ever, ' the difference in quantity should be considered; the tomato juice 
was fed in three times the volume of orange juice. 
The addition of one egg per pig daily to the basal check ration 
showed up advantageously. These pigs had fairly strong pasterns and 
straight legs, but were not as uniform in conformation as the others. 
The feeding of wheat embryos was apparently successful. Since 
these culled out pigs were so much smaller and less promising at the 
start, results of the wheat germ feeding are enco'lraging. 
RAISING ORPHAN PIGS",II 
Modifying Cows' Whole Milk With Sugar and 
Cream; Heat Treatment of Cows' vVhole Milk; 
Vitamin Modification of Cows' Whole Milk 
By JOH N M. EVVAIID, QUINTIN W. WALLA CE and G. V. GLATFElLTER 
In a previous bulletin by the authors (1) the results of four 
series of orphan experiments were reported. Herein are pre-
sented results of orphan pig experiments as follows: 
Series V.-Modifying Cows' Whole Milk With Sugar and 
Cream. 
Series VI.- Heat 'rreatment of Cows' Whole Milk. 
Series VII.-Vitamin Modification of Cows' Whole Milk. 
SERIES V-MODIEYING COWS' WHOLE 
~MILJ( WITH SUGAR AND CREAM 
Investigators have demonstrated that much variation exists 
in the composition of cows' milk due to differences in individ-
uality, breed, stage of lactation, period of milking, season of the 
year, environment, state of health and other factors. It has 
been further shown that even gTeater variation exists in the 
composition of milk from various species of mammals. 
With these facts in mind, it was deemed advisable to conduct 
an orphan pig experiment wherein cows' milk would be modified 
to approximately the composition of sows' milk. While the re-
ported analyses of the nutrients of sows' milk by different in-
vestigators vary considerably, all reports indicate clearly that 
sows' milk is more concentrated than cows' milk, containing a 
greater percentage of all dry nutrients. 
Two of the foremost American investigators, W 011 (2), and 
Carlyle (3), found the composition of sows' milk as below. 
I No of I Water I Fat I Casein I Milk I Ash anaiYses , I and a1- sugar 
:=----:----:-;:--:-=-7.":"'"--- .---:c;o-';"-'~c_-.,---::-:c;:-I bum in I 
Sows'milk (Woll) ........ / 12 / 81.49 " 6.60 1-5-:-75-1~1--.9-7-
Sows' milk (Carlyle) ..... 12 80.51 6.89 6.06 5.64 .98 
Cows' milk (Babcock) .... ...... . . 87.17 3.69 3.55 4.88 .71 
By comparing these figures with Babcock's analysis of cows' 
milk as reported by Wing (18), it is noted that to modify cows' 
milk so as to approximate the composition of sows' milk, it is 
necessary to add butterfat and sugar. In our problem, we made 
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an attempt only thru experimental modification of cows' milk 
with cane sugar and cream to approximate these two nutrients 
in sows' milk, with no attempt to modify protein or ash content. 
PREVIOUS WORK IN THIS FIELD 
Investigation of the literature pertaining to the problem of 
modifying cows' whole milk with either butterfat or sugar as a 
feed for very young pigs reveals that altho the amount of ex-
perimental work seems scant, the results obtained are significant. 
Miss Wilson (4), working in the physiological laboratory of 
the Bellevue Hospital Medical College, compared dextrose 
(grape or simple sugar) and lactose (milk sugar) in the feeding 
of new born pigs. Three pigs of each litter were killed, and 
the analyses used as a check on the remaining six which were 
carefully fed for 14 to 16 days. lVI:iss Wilson observed that: 
"Two pigs fed on skimmilk from 14 to 16 days gained 26.4 and 66.8 
percent in weight. Two pigs fed on the same skimmilk. with two and 
3 percent of lactose added. gained 79.7 and 88.0 percent in weight. 
Two pigs fed on the s?me sldmmilk, with two and three percent dex-
trose added, gained 73.6 and 64.4 percent in weight. 
"Those fed with plain skimmilk ~ained 114 and 218 grams in weight 
for every 1,000 physiologically availnble ca loriE's in the food. The lac-
tcse pi ,-s gained 222 and 215 grams per 1,000 calories in the food, The 
dextrose pigs both gained 213 grams per 1,000 calories in the food. 
Except in the case of one ill-nourished skim milk pig, the growths of 
the sucklings stand in a constant ratio to the calories in the food. 
"The pigs fed on plain skimmilk used 23 and 35 percent of the pro-
teid in the food for tissue growth, the lactose pigs used 38 and 44 per-
cent. and the dextrose pigs 48 and 42 percent." 
Beach (5), fed calves, pigs, and lambs on skimmed milk, ordi-
nary milk containing from 3 to 3.5 percent fat and rich milk 
coptaining 5.1 to 5.7 percent of fat. 
In the first trial, Beach used young pigs, weighing an average 
of 18 pounds at the start of the experiment. The data covering 
gain and lo'>s of these pigs were su mmarized by him as follows: 
"For the lint 40 days, the pair receiving skimmilk gained 62 pounds; 
the pair receiving milk poor in fat , 54.8 pounds; and the pair l'eceiving 
milk rich in fat, 42.2 pounds. For the next ten days the gain was for 
each pair 22 pounds, 20.5 pounds, and 3.5 pounds, respectively. From 
50 to 60 days, the results were 20 pounds gain, 21 pounds gain, and 6 
pounds loss, respectively." 
In the second trial, pigs averaging about 30 pounds were used. 
"The pair receiving skim milk gained 72 pounds in 30 days ; th e pair 
receiving poor milk, 58 pounds, and the rich milk, pair, 50 pounds." 
The results of slaughter are summarized as follows: 
"The skimmilk-fed pig dressed 65 percent of its liveweight and the 
rich-milk-fed pig, 70 percent. The weight of liver, spleen, and blood 
was practicaliy the same. The sixth rib of each pig was dissected out 
and analyzed with the following results: There was 21.25 percent or 
fat in the skimmilk-fed pig, which is about the amount found by 
Lawes and Gilbert in the "Store Pig." The whole-milk-fed pig con-
tained 35.68 percent of fat. The skimmilk-fed pig had 1.78 percent 
more lean meat, and 11.93 percent more water, and 14.43 percent less 
fat." 
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TABLE I. MILK SOLIDS REQUIRED FOR ONE POUND GAIN, AVERAGE 
SIXTEEN ANIMALS 
/Milk poor in fat I Milk rich in fat pounds pounds 
Average of 2 pair calveJ, 45 days........... . ... . . 1. 03 I 1.18 
Average of first trIal 2 paIr pIgS, 40 days... . ...... 1.36 1.77 
Average of second tri·al 2 pair pigs, 30 days....... 1.40 1.56 
Average of 2 pair lambs, 60 days.............. .. .. 1.08 1.37 
Average of 8 pair animals........................ 1.22 I 1.47 
Table I shows in each case "that the pair receiving the milk 
poor in fat required less food for a pound of gain than the pair 
receiving the milk rich in fat; and the averag'e of the former 
was 20 percent less." 
Beach learned from his experimental work that more total 
solids were required to produce one pound of liveweight when 
the young pigs were fed milk rich in butterfat than when fed 
milk poor in butterfat. I,arger fat globules were present in the 
rich milk. Serious digestive disturbances followed feeding rich 
milk ad libitnm. rl'he poor showing of rich milk was due to the 
excessive fat rather than to lack of nitrogenous material. 
The investigations of Washburn and Jones (6), on the subject 
of very young pig feeding as related to this problem are com-
prehensive. 'rhey used 162 purebred pigs, averaging about 18 
pounds, representing 23 litters. Many of them were sired by 
the same boar, and the pigs varied only one or two days in age. 
These studies aimed to throw light on: 
"The amount of fat which should be fed; the ratio the pro-
tein content should bear to the fat content; the effect produc2d upon 
the health, growth and body composition of the several animals by 
feeding milks of varying fat content; the kind of body tissue formed 
when rations of different but definite chemical composition are fed; 
and bearing of the results attained upon the feeding of the human in· 
fant." 
'l'he variation of fat content of the milk as it reacted upon 
the" baby pigs" is commented on thus: 
1. "The character of the tissue produced is determined by and 
closely parallels the chemical composition of the food consumed. 
2. "A ration supplying a large amount of protein in proportion to 
the total energy available (i. e. skimmilk) proclnced sturdy, agile, 
but rough and undersized pigs. 
3. "Milk carrying a medium fat content (2.5 percent) and, hence 
less protein in proportion to the total un .ts of energy available than 
does skimmilk, produced healthy, 'grow thy,' active, yet smooth and fair 
sized pigs. 
4. "Milk containing a large quantity of fat (5 percent) in propor-
tion to protein, produced a rapid increase in wei ght and phys;ologically 
economical gains; but the pigs were in a d:lllgerously over fat condi-
tion, and tetrayed peevishness and low vitllity." 
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lOW A ST ATlON RESULTS 
The objects of the experimental work at the Iowa Station 
were as follows: 
1. To determine the best methods of feeding and handling orphan 
pigs, with particular reference to the advisability of modifying cows' 
whole milk with granulated cane suger, with 16 to 20 percent cream, 
or with both graulated cane sugar and 16 to 20 percent cream. 
2. To note how these variously modified whole milks react upon the 
digestive system as compared with the check whole milk feeding, par-
ticularly noting the effect on feed consumption; alimentary cono,Llon 
as noted from the costiveness or laxativeness of the pigs; the character 
of coat and general health. 
METHODS OF ,EXPERIMENTATION 
'rhc experiment covered 135 days which was divided as fol-
lows: Preliminary period of five days, all animals being fed 
cows' whole milk; 100 days, on respective experimental rations 
with modified milk, and 30 days, final check period, all pigs be-
ing fed alike. 
Yoland China pigs of mixed sexes, 21 days old, were selected. 
At the time the experiment started, the pigs ranged from fair to 
choice condition; (possible gradation being prime, choice, good, 
medium, fair, common and inferior) they were all very strong 
in vigor except one which was strong. -
In alloting the pigs these considerations were kept in mind: 
weight, condition, color, sex, outcome, shoulder height, entire 
length, health and thriftiness. 
ALLOTMENT AND RATIONS FED 
In the preliminary period of five days all animals were fed 
together, being given cows' whole milk. During the experimen-
tal comparison period of 100 days, the pigs were divided into 
four groups of two pigs each. 
Check period; final of 30 days. All pigs were continued in 
their r espective lots as during the experimental comparison pe-
riod proper, but all were fed the same, separate lot records being 
kept. Their ration was: Dry shelled corn self-fed, plus soaked 
shelled corn hand-fed two times daily, plus tankage self-fed, plus 
block salt self-fed. 
The groupings and rations during the 100 days experimental 
comparison period proper were as follows: First 10 days, the 
respective groups were fed the same as for the entire period of 
100 days, with the exception that shelled corn and tankage were 
not allowed. The feeders containing these feeds were put in the 
lots On the afternoon of the tenth day, and as much soaked 
shelled corn as each group would clean up was allowed daily. 
The sugar and cream additions were discontinued on the one-
hundredth day. With these exceptions, therefore, the lots were 
handled thus: 
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Figure 1. Thanks to Cows' Milk, Unmodified Yellow Corn, Meat Meal Tankage, a 
good Mineral Mixture carrying calcium carbonate, bone phosphates. sodium chloride 
and potassium iodide. and green Pasture, these orphans throve practically as well as 
did the others not orphaned. 
Block Salt Allowed Free-Will to All Grol~ps 
Lot 1. Whole pasteurized milk hand-fed, plus dry shelled corn self-
fed, plus shelled corn soaked 12 hours hand full-fed twice daily, plus 
meat meal tankage self-fed. 
Lot II. Whole pasteurized milk modified by the addition of granu-
lated cane sugar in the proportion of two parts of sugar mixed with 
100 parts of milk by weight, mixed thoroly and hand-fed, plus dry 
shelled corn self-fed, plus shelled corn soaked 12 hours hand full-fed 
twice daily, plus meat meal tankage self-fed. (This modified milk made 
the sugar content approximately 6.6 percent if we assume Eckles' aver-
age figure for sugar in milk or 4.75 percent. See Eckles' Dairy Cattle 
and Milk Production, first edition, p. 178.) 
Lot III. Whole pasturized milk modified by the addition of 16 to 
20 percent cows' cream in the proportion of 20 parts of cream mixed 
with 100 parts of whole milk by weight, mixed thoroly ·and hand-fed, 
plus dry shelled corn self-fed, plus shelled corn soaked 12 hours hand 
full-fed twice daily, plus meat meal tankage self-fed, plus salt. (This 
modified milk ran approximately 6 percent fat.) 
Lot IV. Whole pasteurized milk modified by the addition of both 
granulated cane sugar and 16 to 20 percent cows' cream in the pro· 
portion of 2 parts sugar, and 20 parts cows' cream, mixed with 100 
parts of cows' whole milk by weight, mixed thoroly and hand-fed, plus 
dry shelled corn self-fed, plus soaked shelled corn, plus meat meal 
tankage self-fed, plus salt. (This modified milk ran approximately 5.!! 
percent fat and 6.3 percent sugars). 
All the milk f eci was allowed at room t emperattwe. 
The other lots differ from Check Lot I as follows: Lot II, sugar 
was added; Lot III, cream was added; Lot IV, both sugar and 
cream were added_ 
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The pigs were fed six times per day for the first ten days of 
the experiment proper; the second 10 days, five times per day; 
Figure 2. This pig of Lot I received the cows' milk 
unmodified. Pigs receiving whole milk" natural basis. 
did much better than when fed milk modified with su-
gar or sug·ar and cream, or with cream. Picture taken 
after 100 days feeding; total gain, 86.4 pounds. 
soaked shelled corn only. 
and from the 
twentieth t 0 fi f-
tieth day, f 0 u l' 
times per day. 
'1' her e aft e l' the 
pigs were f e d 
three times daily. 
'1'hese feedings in-
cluded milk and 
soaked she 11 e d 
cor n only; the 
other feeds were 
given in self-feerl-
ers. 
In the order of 
feeding, milk was 
always given first 
night and morn-
ing and was fol-
lowed at once with 
PREPARATION OF FEED AND AMOUNTS FED 
Modified milk was prepared by simply adding granulated cane 
sugar or 16 to 20 percent table cream, as the case might be, 
to the whole milk which was then all shaken thoroly. Special 
car e was taken to see that the sugar was thoroly dissolved and 
the cream well mixed with the milk. 
The soaked shelled corn was prepared by soaking from one 
feed to the next, or for approximately 12 hours. 
The soaked corn was given in such amounts that the pigs con-
sumed it in about one-half hour. 
The milk, natural or modified, was fed to the pigs of each re-
spective group according to what they would naturally take and 
all pigs had their appetites practically satisfied for milk. How-
ever, when scouring occurred the milk allowance was r educed. 
DESCRIPTION OF THE FEEDS USED 
Whole Pastetwized Milk-This milk came from the college 
dairy, being the mixed milk of the dairies near the college, and 
averaged approximately 3.6 percent fat. In our data, milk was 
computed on a grain dry matter, 90 percent basis, which made it 
comparable in dry matter content with the concentrates such as 
tankage and buttermilk powder; these contain about 90 percent 
dry matter. In making this conversion to an approximate air 
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TABLE II. CHEMICAL COMPOSITION OF FEEDS 
Analyses by W. G. Gaes.leT, A. R. Lamb, and associates of Chemistry Section. 
Dry Water Crud. 1 Carbohydrates I Fat Asp 
matter protein I-Fib~I~Nitr(>.o 1 
I I gcn-frce I 
I I extract 1 
Shelled corn .. 1 
Tankage I 
Milk*t . ... . . 
86.00 
93.43 
13.00 
N.D 
N.D 
I 14. OO*t 6.57 
/ 
87.00 
N.D 
- 8.~2-:68-1 69-: 05--s:72---1~. 58 
5~.02 I 5.67 1.07 7.23 20.44 
3.60 0 . 00 4 .94 3.74 0.72 
Cream .... . .. . / 
Sugar ....... . N.D 
N.D / N.D / N.D 18.2 N.D 
N.D N.D N.D N.D N.D 
N.D.- Not determined. 
*tFigures computed from Babcock's analyses. Our analysis calculated on a 3.7 per-
cent fat basis, analyses by College Dairy Department. and other nutrients calculated 
from ,Eckles' analyses. 
*j:The corn grain as fed carried a water content ranging from 11.10 to 12.12 percent. 
dry basis, we took into consideration the fact that whole milk on 
a natural basis contains approximately 13 percent dry matter; 
from this latter figure we calculated the equivalent on a 90 per-
cent dry matter basis. 
Granulated crtne s1bgar-This was commercial cane sugar of 
good texture, white in color, and free from noticeable impurities. 
Cows' 16 to 20 Percent Crert'rn Pasteurizedr--'rhe cream varied 
in fat from 16 to 19.4 percent, averaging 18.2 percent thruout 
the experiment. 
Shelled corn-This corn, secured locally, was of mixed yellow 
and white color. It was figured and recorded on a 14 percent 
moisture basis. 
Meat meal tankrtge-This was a standard grade of 60 percent 
protein meat meal tankage manufactured by Swift & Company. 
Block srtlt-These blocks (Mortons) came in 50-pound sizes 
and represent a 
hig h g I' a d e 0 f 
pressed table salt. 
In our practices 
with orphan pigs, 
these blocks were 
sawed into small 
pieces and werc 
fed in a self-feed-
e 1'. M 0 i stu I' e 
checks were I' u n 
on the blocks of 
mlt in this experi-
ment to provide 
data for the cor-
rection of the er-
rors due to mois-
ture absorption. 
Figure 3. This pig of Lot II ha:l sugar added to his 
cows' milk; he shows it. The gains were not so good 
as where the straight unmodified co ws' milk was used; 
feed consumption was Jess; and f eed requirements not 
s atisfactory. Picture taken after 100 days feeding ; 
total gain 61.1 pounds. 
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Water-Ordinary hydrant water as it came from the Collage 
wells was allowed. 
The chemical analyses of the feeds used are given in table II. 
HOUSING 
The pigs were kept in the Animal Husbandry Section Labor-
atory in concrete floored pens about four by five feet in dimen-
sions. They were allowed exercise every few days in a special 
open air pen to the south of the building. 
DISCUSSION OF EXPERIMENTAL RESULTS 
In table III are given data covering the experimental findings 
of the milk-feeding period. 
The column for Lot III is blank, because the pigs in this lot 
had very short lives. One pig died a few days after the experi-
TABLE III. FAT AND SUGAR MODIFICATION OF cows' WHOLE MILK-
SERIES V 
Experimental results-100 days , June 15 to Sept. 23, 1918 
(All figures in pounds) 
Av. initial weight .................. \ 
Av. final weight .............. . ... . 
Av. daily gain per pig ............. . 
Av. daily feed consumed per pig : 
Shelled corn (14 % mOist.) ......... 1 
!~i:~~ s~.e.ll.~~ .c.o.r.n:. 1~ . ~~~~.~ . ~~~ o/~ . 
Dry and soak: d shellej corn ...... . 
tCows' whole milk (natural) ...... 1 
Cows' whole milk (D. M. 90% ) ..... 1 
Cane sugar (gr'anulated) .......... 1 
Cows' 16-20% cream (natural) .... . 
Cows' 16-20% cream (D. M. 90 % ) .. 
Digester tankage (Swift's) .. . ..... . 
Block salt . ...................... . 
Total .. . ........................ . 
Av. daily feed eaten per 100 lbs. 1 
liveweight ... , .................... 1 
Feed required for 100 lbs. gain: 1 
Dry shelled COrn (14 % moist.) ..... 1 
!ooi:~ s~.e.ll.~~ .c.o.r.~, . ~~. ~~~.r~ . . (~~~. \ 
Dry and soaked shelled corn ....... 1 
tCows' whole milk (natural) .. . . . . 
Cows' whole milk (D. M. 90% ) .... . 
Cane sugar (granulated) .. ........ [ 
Cows' 16-20 % cream (natural) ..... 1 
Cows' 16-20% cream (D. M. 90% ) .. 
Digester tankage (Swift's) ........ [ 
J~~f sa~: . ::: =:::::::: :~ ;:::: I 
Lot I 
whole 
milk 
check 
4.70 
91.10 
.864 
.975 
.151 
1.126 
4.793 
.692 I 
.013 
.000 
1. 831 
5.736 
112.84 
17.51 
130.35 
554.70 
80.12 
1. 51 
.02 
212.00 
Lot II 1 'Lot III 
whole 
1 
whole 
milk milk 
modified 1 modified 
by gran-j with 
ulated cream 
sug·ar 
i 
4.20 
65.25 
.611 
.672 
.on 
.745 
4.122' 
.595. 
.025 
.018 
. 000 
1.382 
5.791 
110.10 
11.86 
121.96 
675.12 
97.52 
4.07 
2.97 
.00 
226.52 
Lot IV 
whole 
milk 
modified 
with 
both 
cream 
an t lU"ar 
4.40 
33.50 
.291 
.265 
.071 
.336 
2.59; 
.374 
.017 
.167 
.049 
.018 
.000 
.794 
5.119 
91.07 
24.47 
115.54 
890 . 48 
128.63 
5.72 
57.30 
16.87 
6 . 13 
.09 
272.98 
"'The pigs of this lot were s hort lived, hence no feeding ,and gains data is available 
covering .entire 100 days. 
tCows' whole milk on natural basis not included in calculations of totals . However, 
cows' whole milk reduced to grain dry matter basis is added in; this puts the figures 
on a fairly comparable dry m·attel' basis . 
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ment started. The second pig lived to the fiftieth day of the ex-
periment at which time he weighed 26 pounds, which was an ac-
ceptable wei g h t 
when it is consicl-
ered that the aver-
age round weights 
of the pigs in the 
other lots were as 
follows: Lot I, 22 
pounds; Lot II, 19 
pounds; Lot IV, 
13 pounds. 
In average daily 
gains, Lot I (nat-
u I' a 1 milk ) ex-
celled the 0 the I' 
lots, the pigs mak-
ing an a vel' age 
daily gain per pig 
of .864 pound. The 
pig s in Lot II 
(cows' whole milk 
mod i fi e d with 
Figure 4. This Ilig of Lot IV had too much cream 
and sugar added to his cows' milk. The gains, feed 
consumption and feed requirement were very unsatis~ 
factory . The cream and sug,ar additions were detrime n.-
tal. but better than cream addition without sugar. Com-
pare with figures 2 and 3. P icture was taken after 100 
days feeding; total g·ain 29 .1 l)ounds. 
granulated sugar) made an average daily gain of .611 pound; 
while the pigs in Lot IV (cream and sugar modification) made 
the small gain of .291 pound daily per pig. 
In feed consumption, the lots followed the same order as that 
of average daily gain per pig; the greater the feed consumed the 
greater the gain. It would, therefore, follow that the straight 
milk-fed pigs had a ration which was more palatable and more 
nearly physiologically adequate. This doubtless stimulated the 
greatest feed consumption, naturally causing the greatest gains. 
The advantage in average daily gain per pig and the greater 
feed consumption favored Lot 1. In economy of feed utilization, 
Lot I excelled, requiring 212.00 pounds of dry feed equivalent 
TALLE IV. AVERAGE CRUDE PROTEIN CONSUMED DAILY PER PIG 
100 days. June 15 to Sept. 23. 1918. 
(All figures in pounds.) 
Av. daily gain per pig ... .. ... .. 1 
In shelled corn ................ . .. I 
In cows' whole milk ... . ....•..... 1 
In cane sugar . ..... ... ......... . 1 
In cows' 16-20% cream . . .. .. ..... 1 
In tankage ...............•..... 1 
1 
Total. ..... .. . .......... 1 
Lot I 
Whole milk 
.864 
.101 
.172 
.008 
. 281 
Lot II 
Sug·ar modified 
milk 
.611 
. 067 
.148 
. 000 
. 011 
.226 
Lot IV 
Cream and 
sugar modi-
fi eld milk 
.291 
.030 
.093 
.000 
.004 
.011 
.138 
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to put on 100 pounds gain, whereas Lot II required 226.52 pounds 
and Lot IV, 272.98 pounds. 
PROTEIN CONSUMPTION AND REQUIREMENTS 
Table IV shows the crude protein consumed daily per pig. 
'l'lie pigs receiving whole unmodified milk, Lot I, made the 
greatest average daily gains and consumed the largest amounts 
of crude protein daily. These pigs of Lot I consumed daily .281 
pound of protein as compared to .226 pound in Lot II where 
sugar was used, and .138 pound in Lot IV where both sugar and 
cream "were added. 
'rhe crude protein consumption amounting to .281 pound in 
the best group is about one-fourth of that which is required by 
a good healthy 200-pound hog that is being fattened for market. 
Such a 200-pound hog needs about a pound of protein daily. 
The weanling- pig of 40 pounds weight requires about two-fifths 
of a pound of good crude protein daily. 
Table V g-ives the crude protein required for one hundred 
pounds gain. 
];-'rom the standpoint of feed required for one hundred pounds 
gain, the pigs receiving cows' whole milk, tankage and shelled 
corn showed up to best advantage. These pigs, Lot I, required 
only 32.54 pQunds of crude protein for one hundred pounds of 
gain as compared to 36.98 pounds in Lot II, and 47.50 pounds in 
1-1ot IV. 
Apparently the addition of cream, or granulated sugar, or 
both to the basal ration was not a good proposition in protein 
economy, inasmuch as the pigs receiving the modified ration 
consumed less protein daily and required more protein for one 
hundred pounds gain than did the pigs fed corn, tankage and 
rows' whole milk. 
'rhe add ition of cream produced even less favorable results 
than where sngar or sugar and cream were added because the 
pigs died. 
In carrying pigs from weaning time to the 225-pound market 
weight the crude protein required for one hundred pounds of 
TABLE V. CRUDE PROTEIN REQUIRED FOR ONE HUNDRED POUNDS 
OF GAIN 
100 days. June 15 to Sept. 2"3. 1918. 
(All figures ill pounds.) 
1 Lot I 1 Lot II I 
\ 
Whole milk 1 Sugar modified 
1 milk 
In shelled corn ............... . .. / 11.68 • 10 . 93 1 
In cows' whole milk . ............ 19.97 2.1. 30 
In cane sugar .................. / 0.00 
In cows' 16-20% cream ......... . 
In tankage .. .. ....... ·······.·· 1 .89 1. 75 
___ . T_ot_al . . .... • ......... . .. \ 32.54 36.98 
LotIV 
Cream and 
sugar IIlOdi-
fied milk 
10.35 
32.05 
0.00 
1.48 
3.62 
47.50 
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gain approximates, under good condition, about 60 pounds. TIle 
best group (Lot I ) of the orphan pigs here discussed required 
a little over half this amount. 
THE FINAL CHECK OR RECUPERATIVE PERIOD 
During the final 30-day period following the r xper imental pe-
riod of 100 days the whole-milk-fed pigs, Lot I , 'ontinued their 
superiority in gains. One of the pigs in Lot IV, receiving pre-
viously the sugar and cream additions, died shortly after the 
final period started. 'l'he cause of death was enteritis. Th e r e-
maining pig in that group made an average daily gain of only 
.88 pound as contrasted with 1.12 pounds for the whole milk 
group, Lot I. 
The appetite of the pigs from the whole milk group during 
the final 30 days of experimental feeding was clearly better than 
that of any of the other pig's from the modified whole milk groups. 
The whole milk pigs consumed 4.77 pounds per head daily of 
combined corn grain, meat meal tankage and salt as compared 
to 4.29 pounds and 3.36 pounds for Lots II and IV, respectively. 
The bad effects of untoward previous treatment are not quickly 
overcome. Evidently the setback experienced by the pigs re-
ceiving sugar or cream modification of cows' whole milk was 
Quite pronounced, being' still unmistakably noticeable after a 
month of recuperative feeding. 
THE MEASURED GROWTH OF THm PIGS 
The weights of the pigs tell much in regard to the nutritional 
effects of the feeds, but the weight data are not sufficient to in-
terpret growth as evidenced by the increase in dimensions. 
TABLE VI. BODY INCREASE OF PIGS 
Initial and final measurements. absolute increase and percentage increase. 
100 days, June 15 t~ Sept. 23. 1918. 
(All mea- urements in inche3.) 
---,------,----------- 1 ~ .. ! Sf.c I I 
,,' 
Lot Milk 
modifir.a-no. tion 
-- ----
None 
II Granulat-
ed cane 
sugar 
IV Granul·at-
ed cane 
sugar and 
cream 
I 
... 
::s..s:: ' -+0) Measurement 
.c . 0 
.c 
".c I 
.. .c "S ":S >.~ "'~ gj~ " " " " ""0:: " '" "" .- " .c" .c .-  ... .c ... U"" u;: 1 
o.~ I ~ if 
r.il1 I ~.::: ~------ I- I I I \ \ 1 I 8.07 1 4.631 11.85 1 3.60 3. 15 11.81 2.34 I 1'O.r. c l 7 . 97 30.521 10 1i8 1 9.3;) 1 37.011 ··. 8~ 
I 
Init 'al 
~~ 1 , ll.;:; en 0r3 
-
Final 
Absolute incl'. 
Percentage incl'. 
Initial 
Final 
Absolute incl'. 
Percentage incr. 
\ Initial 
Final 
I Absolute incl' . I Percentage incl'. 
/ 8.56 1 3.34 1 18.671 6.98 6.24 / 25.201 2.50 1106.01 1 72 .14 1 1~7 . 55 193.89 198.10213.38 106.84 
I 7.68 1 4.53 1 11.581 3.69 3.00\ 11.62 2 . 40 
I 15.651 7.78/ 26.581 9.45 8.01 1 32.28 4.45 
1 7.97 1 3 . 25 15.00 5.76 5.01 \ 20.66 2.05 103.781 71.74129.531156.10167 .00177.80 1 85.42 
I 7.781 4.63 \ 11.621 3.d 3.131 12.01 1 2.36 12. 40\ 6 . 89 \ 22.25 \ 7 . 09 \ 6.00 23 . 63 / 3.65 
4.62 2 . 26 10.63 3.47 2.87 1 11.62 1.29 
1 59.;81 48 .8 1' 91.48 ' 95.86 1 9 1. £9 1 %.75 1 54.66 
I I I I I I I 
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Measurements taken ill inches, furnish reliable information con-
cerning change in shoulder height, foreleg length, body length, 
chest depth, chest width, paunch circumference and fore shin 
circumference. 
Table VI gives the average initial and final measurements of 
the pigs together with the absolute and percentage increases. 
A study of the figures given indicates that in every case the 
pigs making the greatest daily gains, showed the greatest in-
crease in body measurements. Lot I, receiving cows' unmodified 
whole milk ranked first in respect to dimensional growth. These 
whole milk fed pigs made greater gains in body measurements 
in every instance than did the pigs receiving similar cows' whole 
milk but modified with sugar or sugar and cream as in r~ots II 
and IV, respectively. The pigs of Lot II receiving milk modi· 
fied with sugar, ranked second, while the sugar and cream modi-
fied milk-fed pigs of r~ot IV were easily last in that their in-
creases in body measurements were much less. 
These measurement figures bear out the facts previously noted, 
namely, that the modification of cows' whole milk with cane 
sug'ar or cream or both was unsatisfactory in the raising of 
orphan pigs when considered from the standpoint of gains made, 
feed consumption and feed requirements. The growth data af-
firm these results also. 
GENERAL OBSERVATIONS AND DEDUCTIONS 
The pigs in Lot I (whole milk) were uniformly good thruout 
the experimental period. In general appearance, thrift, vigor, 
condition and health, they excelled all of those in the other lots. 
The pigs of Lot II (whole milk modified with gTanulated cane 
sugar) ranked second in appearance. This would indicate that 
while the sugar modified milk was not as desirable as the nat-
ural milk for orphan pig feeding, yet it was not as disastrous as 
the cream modified milk. There is a question whether there 
would have been an improvement in the results had milk sugar 
been supplied instead of cane sugar. 
The lives of the pigs of Lot III (whole milk modified with 16 
to 20 percent cream) were of short duration. One pig died from 
general inanition a few days after the experiment began. This 
pig also exhibited an infected umbilicus and lung congestion. 
The second pig of the lot lived to 50 days. This pig showed 
choice condition or degree of fatness at the time of death. The 
diagnosis as regards cause of death was heat stroke. This sec-
ond pig, as did the first to die, showed symptoms of weakness. 
and noticeable lack of stamina. The pigs of this lot scoured 
considerably. 'rhey also showed an evident lack of appetite. 
The addition of cream to whole milk in this experiment coin-
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cides with the results secured by Beach showing that milk ma Jt-
super-rich in fat by artificial modification was not suited for 
orphan pigs. 
The pigs of Lot IV (whole milk modified with sugar and 
cream) made a very poor relative showing. They were in a rath-
er emaciated condition. 
SERIES VI.-HEAT TREATMENT OF COWS' 
WHOLE MILK 
Recent investigations have demonstrated that heat has an in-
fluence upon the digestibility as well as upon the mineral and 
vitamin content of foods. In view of these facts, we conducted 
this experiment for the purpose of determining the comparative 
nutritive efficiency of milk heated to different temperatures, 
viz: raw, pasteurized, brought to the boiling point or Loiled 
for five minutes. 
REVIEW OF PREVIOUS WORl( 
In the study of orphan pig raising, as pointed out in our 
previous bulletin on this subject, we frequently consult the lit-
erature of infant feeding, since" there seems to be striking evi-
dence that the suckling pig, reared on cows' milk, conforms to 
the same laws of nutrition as the breast-fed infant." 
Daniels and Stuessy (7) conducted experimental work with 
rats several years ago to determine the comparative nutritive 
efficiency of milk heated to different temperatures. They state: 
"In order to meet present conditions and to make milk more nearly 
s:lfe for infant feeding, the practice of pasteurizing or boiling has been 
resorted to. Pediatrists differ as to the relative value of these two 
processes. The European pediatrists report excellent results with 
boiled milk-the time of boiling varying within comp::tratively wide 
limits. The American pediatrists, on the other hand, have favored the 
pasteurization proce3s. However the fact that casein curds sometimEs 
found in the stools of infants red either raw or pasteurized cows' 
milk are almost unknown in the European clinics, leads us to believe 
that boiled cows' milk may be better digested by infants than raw 
Or pasteurized milk. This assumption is further borne out by the work 
of Brenneman (8), who has shown that the clot formed from boiled 
cows' milk during gastric digestion more nearly resembles the clot 
formed during the digestion of woman's milk. It is much finer than 
that formed from raw milk, thus making for more complete digestion 
and absorption further on in the digestive tract." 
The results secured by Brenneman were later corroborated and 
elaborated upon by Bergeim, Evvard, Rehfuss and Hawk (9). 
The results secured by Daniels and Stuessy with cows' raw 
milk fed to rats do not compare favorably with those obtained 
by McCollum (19) in raising a pig successfully from 17 to 405 
pounds, but, on the other hand, they found that they could not 
keep the rats aliv~ on l'aw or pasturized milk, 
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Daniels and Stuessy concluded in their experiments: 
"That milk heated· to the boiling temperature or thereabouts 
is an inadequate food. Rats fed on boiled milk grew to about 
half their normal size and in no case did they reproduce. Milk 
which is kept at the boiling temperature for 45 minutes is no 
less efficient as a food than milk boiled for much shorter periods 
-one or ten minutes." 
Cows' boiled milk, altho an inadequate single food for rats, 
was found to be better than raw or pasteurized milk, because 
Daniels and Stuessy failed to raise rats exclusively on either. 
In addition to the influence which heating has upon the sub-
sequent gastric digestion of milk, r ecent investigations have dem-
onstrated that it may have a detrimental effect upon the cal-
cium salts and the vitamin content of foods. The antiscorbutic 
vitamin apparently is the one whose potency may be lowered 
to the greatest extent by heating. 
Daniels and Loughlin (10 ) report that: 
. "The results of all our experiments on the long heat-treated millls 
point to the same conclusion; namely, that, in the process of heating 
milk, the calcium saJts are rendered more or less insoluble, depending 
upon the length of time the milk is heated. In this insoluble form 
they may be lost, owing to the fact that some of the precipitated ma-
terial adheres to the container , as is the case of long pasteurized or 
slowly heated milk, while some, for example in evaporated milk, sep-
arates out on standing. When especial care was taken to inc. ude th e 
insoluble material by colloidal suspension, results comp:Hable to those 
on raw milk 'and quickly boiled milk were obtained. 
"The inferior growth of rats on the long heat-treated and superheat-
ed milk appears to be due wholly to r eadj ustments of inorganic com-
plexes." 
Daniels and Stuessy credit Dr. Janet Lane Claypon with the 
following in regard to the nutritive value of boiled milk: 
" In the case of anim als fed on milk of a forei::;n species, there ap-
pears to be actual advantage in boiling the milk." 
Morse (11) draws the following conclusions: 
"Almost ali experim£nts agree in showing that all animals do better 
when fed on the raw than on the cooked milk of their own species. 
Von Briinning has collected reports of experiments on feeding ani-
mals with raw and cooked milk of another an imal. The results were 
the same in all, namely; that, when fed on milk of another animal, 
the young anim~l s did better when the milk was cooked than when it 
was raw." 
McCollum and Davis (12 ) report that: 
"Skimmilk powder which has been wet and long heated in a double 
boiler or heated for a period of one hOur in an autoclave at 15 pounds' 
pressure, no longer supports growth :as does the unheated product. 
When heated, milk powder also loses its property of supplementing 
certain rations made up of polished rice, plus salts and butterfat, i. e., 
rations which require both protein and water soluble accessory to make 
them support growth." 
Chick, Hume and Skelton (13 ) in their investigations of the 
antiscorbutic value of cows' milk, observed that the milk was 
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comparatively poor in this vitamin; that the method of prepara-
tion of food for infants, such as heating and drying, tends to 
diminish the small amount present and distinctly risks causing 
slight and incipient infantile scurvy. 
It has also been demonstrated that there is considerable varia-
tion between winter and summer milk, because the potency of 
the vitamin is dependent upon the ration which the milk secret-
ing mother receives. For instance, cows receiving suitable pas-
ture secrete milk relatively rich in the antiscorbutic vitamin, 
whereas cows which are stall fed on feeds low in the antiscorbu-
tic vitamin secrete milk relatively poor in this vitamin. 
Steenbock, Boutwell and Kent (14) report: 
"We now realize ~s we did not before that heat alone in the ab-
sence of water or in the absence of conditions designed to bring about 
intimate contact with air, was responsible for the vitamin destruction 
of early experiments." 
Hess and Unger (15) studied the effect of age, heat an rl reac-
tion on many antiscorbutic foods. They found that milk which 
. was dried by heating to 116 degrees for a few seconds lost little 
(If its antiscorbutic factor. 
Hart. Steenbock, and Smith (16), regarding their investiga-
tions of the effects of heat on the antiscorbutic properties of 
some milk products, state that: 
"On a diet of rolled · oats and hay the prevention of s~urvy by the 
use of ra.w milk will depend upon the a.mount of raw milk allowed. 
"Milk sterilized at 120°C. for 10 minutes, commercial unsweetened 
condensed milk,· and the commercial milk powder examined had all lost 
their antiscorbutic properties when used in quantities equivalent to 
an amount which would prevent scurvy in guinea pigs on a diet of 
rolled oats and dried hay." 
Guinea pigs on a rolled oats-dried hay diet were afforded com-
plete protection against scurvy "when the fresh whole milk con-
sumed daily per individual edualled 60 cc. or more." 
Barnes and Hllme (17) attempted "to make a direct com-
parison between the antiscorbutic vahJP of dried and raw milk, 
in order to ascertain to what extent. if anv. the former ii: in-
ferior." In their experimental work. llsing- gllinea pigs and 
monkeys. they found that cows' mill, pven when frE'sh wac: com-
narativelv poor in antiscorbutic properties, and that large 
daily rations needed to be fed the experimental animals in order 
to nrotect them from scurvy. Dried milk was inferior to raw 
milk. They estimated thatabol1t one-half the original antiscor-
hlltic value of fresh milk was destroyed bv drying. "Sca lil ed" 
milk was found I';llnerior to dried milk. They SeClll'pn evinE'nce 
showing that wintpr milk is ird'Pl'inl' to ""mnwr milk in antiscor-
butic properties. The raw ann drien milk showed no significant 
differences in O'rowth nromoting nronertirs lllltil the onset of 
scurvy, at which time growth declined. . 
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According to the literature cited, heating may have a marked 
influence upon the nutritive properties of milk. In view of the 
results secured by previous investigators, it seemed advisable 
to conduct an experiment with orphan pigs, for a period equiva-
lent to the ordinary farm suckling period of two or three months 
to determine the advisability of feeding milk raw, pasteurized, 
brought to the boiling point, or boiled for five minutes. 
lOW A ST ATlON RESULTS 
The objects of the experiment were as follows: 
1. To determine the advisability of heating whole raw milk 
before it is fed to young pigs. 
2. To compare whole raw milk with pasteurized milk, whole 
milk simply brought to the boiling point quickly and with whole 
milk boiled five minutes so as to determine the efficiency of these 
specific milks in promoting the appetite, growth and well-being 
of orphan pigs. 
METHODS OF EXP>ERIMENTATION 
The experiment covered 130 days; one hundred days fed re-
spective experimental rations, milk being heated in different 
manner; and thirty days final check period, all pigs fed alike. 
The Tamworth-Hampshire high-grade pigs used were fourteen 
days old, they being' strong to very strong' in vigor; and splendid 
in health and thriftiness when the experiment started. 
The allotment considerations were the same as in Series V. 
ALLOTMENT AND RATIONS FED 
For the first ten days, November 26 to December 6, 1918, all 
groups were fed alike on whole raw milk, and where it was 
possible, in identical quantities. The reason for this "whole 
raw milk " .feeding thruout was to get the pigs started out under 
similar and comparative conditions. . 
Shelled corn, meat meal tankage, and block salt were allowed 
free-choice style, from the beginning; this free-choice, self-fed 
ration was conti1l11ed after March 6, or until April 5, 1919, for 
the final check period. 
The rations during the 90 days of comparative experimental 
feeding was by lots as follows: 
RATION FED AND HOW. 90 DAYS 
(Dec. 6, 1918 to March 6, 1919) 
Ration Fed* 
Lot I. Whole raw milk, plus dry shelled corn self-fed, plus meat 
meal tankage self-fed. 
Lot IT. Whole pasteurized milk, plus dry shelled corn self-fed, plus 
lYIe~.t meal blnl'~gp. self-ff'd 
Lot III. Whole (brought to a boil) milk, plus dry shelled corn self-
fed, plus meat meal tankage self-fed. 
·Block salt was allowed free-will to all groups . 
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Lot IV. Whole (boiled five minutes) milk, plus dry shelled corn 
self-fed, plus meat meal tankage self-fed. 
All milk in the above four groups was fed at body tempera-
ture, approximating 102 and 103 degrees F. 
At the beginning, the milk was fed at 6 :00 a. m., 10 :00 a. m., 
2 :00 p. m., 6 :00 p. m. and 10 :00 p. m.; this was continued for 
a few days until the pigs were growing nicely. The number of 
feedings were gradually diminished until at the end of 30 days 
the pigs were fed milk only three times per day. 
Source of the Milk- Cows' milk from the same source was 
used thruout. It was secured from the Dairy Department of the 
Iowa State College, representing mixed milk as produced in the 
nearby countryside. 
PREP ARA TION OF THE MILK 
Pastettrized-This milk was nasteurized Ht the creamery by 
the "final package method," that is, the milk is put in the bot-
tles, and the bottles then placed in the heating vat and the water 
heated. The temperature was kept at 140 to 145 degrees F. for 
from 20 to 30 minutes. Cold water was then let into the vat 
and the milk was cooled down to 65 degrees and put into coolers. 
Brought to a Boil-This milk was heated in a pan on the stove 
over direct flame until brought to the boiling point. It was the 
desire to heat this raw milk in a double boiler, but it was found 
impracticable as it took too long. The milk was heated until the 
temperature reacherl approximately 212 degrees F., then it was 
taken off and cooled. 
Boiled Five Mimdep- The milk was brought to a boil as above 
described, and was then boiled five minutes. 
DESCRIPTION OF THE FEEDS USED 
The feeds were the same as used in Series V except the shelled 
corn which was of the 1918 crop and the meat meal tankage 
which came from Armour and Company. 
The chemical analyses of the feeds used are given in table VII. 
TABLE VII. CHEMICAL COMPOSITION OF FEEDS 
Analyses by W. G. Gaessler, A. R. Lamb and associates of Chemistry Section. 
I Dry matter , 1 Carbohydrates 1 , W8tpr I Crude 1 I ~Nitr;;:-I Fat I As!> 1 protein , Fibe~ ' gen-free 1 , 
: -il_-;o-:;:;--i-'-,extra .. t 1 I 
14.00' ,---s:89' 2.55 , 71.00 -'-2 :-24-'~ Shelled corn . . 1 86.00 
6.41 '59 . 81 1 3 . 62 1 4.73 1 8.08 , 17.35 
87.00 1 3.60 1 0.00 1 4.94 1 3.74 1 0.72' 
Tankage .... 1 93.59 
M'1k·· . .. .. . . . 1 13.00 
-The corn grain fed carried a w.ater content ranging from 17.41 to 18.30 percent. 
··Figures computed from Babcock's analyses. Our analyses calculated on 3.7 percent 
fat basis-analyses by College Darry Department ; other nutrients calculated from 
Eckles' analyses. 
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TABLE VIII. HEAT TREATMENT OF COWS WHOLE MILK- SERIES VI 
First 100 days milk period- Nov. 26. 1918. to March 6. 1919. 
(All figures in pounds.) 
Lot I 
---;----:;----,--.,:=---.--.-- --- - -
Lot II· Lot lIlt Lot IV 
whole eows' cows' 
milk whole whole 
(Check) pa3teur- milk 
ized milk brou{!ht 
to boiling 
point 
Av. initial weight .................. ! 5.60 5.60 4.80 
Av. final weight ... . .. ... ........... 86.30 110.25 74.55 
Av. daily gain pel' pig .............. 1 .807 1. 047 .698 
Av. daily feed consumed per pig: 1 
Shelled corn (14 % moist.) ....... '1 1.387 1.623 1. 261 
tCows' whf)le m ' lk (na .. llral l ..... . 2 .1"~ 2.0d9 2. JR4 
Cows' whole milk (D. M. 90% ) .... .312 .296 .308 
Meat meal tankage ...... . ...... . .647 .671 .742 
Block salt . ... ............. : ..... .000 .001 .000 
Total. inch,lding milk 90 % basis . .. 2.347 2.591 2.311 
Av. daily feed consumed per 100 lbs . 
liveweight ................ ... ..... 6.731 6 . 541 7.999 
Feed required for 100 lbs. gain ; 1 
Shelled corn (14 % moist.) ......... 1 171. 83 155.05 180.73 
tCows' whole milk (natural) .. .... 1 268 .04 195.76 305.95 
Cows' whole milk (D. M. 90 % ) .... 1 38.71 28.28 44.19 
Meat meal tankage .............. 80.20 64.15 106.37 
Block salt ...... . ................. .04 .14 .04 
Total. including milk 90% basis . .. 1 290.79 247.61 331. 33 
-After thirty-sixth day only one pig, but calculated on two pig basis. 
tAfter fiftieth day only one pig. but calculated on two pig basis. 
) 
cows' 
whole 
milk 
boiled five 
1 
minutes 
- -- -
! 6.40 89 . 90 .835 
I 1.597 2.2~d 
.327 
.461 
.001 
2.386 
6.085 
191. 28 
271.17 
39.16 
55.18 
.10 
285.72 
:J:Cows' whole milk on natural basis not included in calculations of totals. How-
ever, cows' whole milk reduced to grain d1'Y matter basis is added in ; this puts the 
figures on a comparable basis. 
DISCUSSION OF' EXPERHIENT AL RESULTS 
The pasteurized milk, excelled in produQing rapid average 
daily gains per pig, making 1.047 pounds. (S~e table VIII.) 
The milk boiled five minutes stood next, with an average daily 
gain of .835 pound. The whole raw milk Lot I. check. made an 
average daily gain of .807 pound while the Lot III (milk brought 
to boiling point) produced the smallest average gain per pig, 
.698 pound. 
The order of daily feed consumption per pig was as follows: 
Lot. II (pasteurized) 2.59 pounds; Lot IV (boiled five minutes) 
2.39 pounds; Lot I (whole raw milk) 2.35 pounqs; Lot III 
(brought to boiling point ) , consumed the least, 2.31 pounds. 
Lot II (pasteurized) excelled in efficiency of feeds consumed, 
for it required only 248 pounds of dry feed equivalent to pro-
duce 100 pounds of gain. Lot III (brOUQ"ht to boiling point) 
made the poore1!t showing; it required 32.1 pounds to make 100 
pomids gain . Lot IV (boiled five minutes) stood next to Lot I1 
(pasteurized) requiring 286 pOllnds 0 f feed, while Lot I (whole 
raw milk) ranked next with a feed renllirement of 291 pounds. 
In general, Lot II led in average daily gain and economy 
of feeds consumed. Lot III made the poorest showing. The re-
sults are somewhat conflicting, but indicate that all the milks as 
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compared were satisfactory. 'rhe Lot III pigs were slightly 
handicaped, but presumably not because their milk was brought 
to the boiling point. 
During the course 9f the experimental feeding, there were two 
fatalities, but they were probably not due even indirectly to the 
heat treatment. One of the pigs in Lot II died on the thirty-
sixth day of the experiment. 'rhe diagnosis was necrotic enteri-
tis. It scoured considerably and fail ed to eat its full ration. 
One pig of Lot III, Soon after the experiment began, exhibited 
lameness which was caused by infection. Sometime later a pro-
lapse of rectum was noticed, and on the fiftieth day of th~ ex-
periment the pig died from necrotic enteritis. 
Occasionally thruout the experiment there was slight scouring 
especially noticeable in Lot III (brought to the boiling point ) 
but after a short time this condition disappeared. One of the 
pigs of Lot IV (boiled five minutes ) at the ninetieth day of the 
milk feeding period, showed signs of stiffness and lack of vigor. 
From general observations at the end of the milk fed period, 
the raw-milk-fed pigs of Lot I had evidently done well during the 
experiment. One of the pigs, however, did not take on as much 
flesh as the other. Ther e was a slight variation between the dif-
ferent lots in quality of coat. Lot III seemed to have the most 
desirable qualities, altho Lot IV ranked close. The respective 
standing in smoothness and quality was as follows: Lot III; Lot 
IV; Lot I; Lot II. 
In health and thriftiness at the close of the experiment Lot II 
(pasteurized ) ranked first , with one pig that did especially well 
thruout; Lot I (whole raw milk ) was second, with Lot IY 
(boiled five minutes ) next, altho one of the pigs in this lot was 
not as well as the pig in Lot III (brought to boiling point) be-
cause of rheumatism. The pig in Lot III was fine boned and a 
good individual, but because one of the pigs in Lot IV was out-
standingly good, the prefer ence was given to the latter lot. 
In condition, as indicated by fatness, the ranking of lots was 
as follows: Lot II (pasteurized ); Lot III (brought to boiling 
TABLE IX. CRUDE PROTEIN CONSUMED AVERAGE DAILY PER PIG 
100 Days, N ov . 26, 1918, t o March 6, 1919. 
(All fi gures in pounds) 
Lot I LotH 1 Lot III I LotIV Whole IPasteurizsd l Milk Milk boiled 
r"W 1 milk 1 brouo:ht fiv" 
milk I I to boiling I miputes point 
Av. dl9ly gain per pig . • . ....... 1 . 807 1.047 .698 . 836 
In s helled corn . .... . .... . . . . . . •. . 1 . 123 .144 . 112 . 142 
In cows· whole milk . . .. . . ... ... . . 1 .078 .074 .077 .081 
In tankage .. .. ...... . ... ....... . '1 .387 .401 .444 .276 
Totsl. ..... .. ..... . ... . . 1 .588 .619 .633 .499 
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TABLE X. CRUDE PROTEIN REQUIRED FOR 100 POUNDS OF GAIN 
100 days, Nov. 26, 1918, to March 6, 1919. 
(All figures in pounds.) 
Lot I 
whole 
milk 
, Lot II I Lot iiII- Lot IV I pasteurized milk I milk boil. milk brought ed five 
1 to boil- 1 minutes 
1 I ing point 1 
Shelled corn (14 % mOist) ...... ...... \-1:-::5---;.2'""8-+-I--OC13.78 I 16~ 07 ·-\,-.,.,17;-.0;V;0,-
Cows' milk whole (dry matter basis). 9.65 7.05 11. 01 9.76 
Tankage ..... . .. ......... ....... ... 1 47 . 97 38.37 63.62 I 33.00 
Total ...... . . : ................... 1 72.90 59.20 90.70 59 . 76 
point ) ; Lot I (whole raw milk) ; Lot IV (boiled five minutes ) 
ranging from" good" to "medium good," respectively. 
PROTEIN CONSUMPTION AND REQUIREMENT 
Table IX shows the crude protein consumed daily per pig. 
The pigs in Lot III consumed the greatest amount of protein 
daily per pig, with a total of .633 pound. This was to be ex-
pected since these pigs consumed more tankage in proportion to 
shelled corn than did those in the other lots. Lot II ranked 
second with a daily protein consumption of .619 pound, followed 
by Lots I and IV with .588 and .499 pound, respectively. 
These results may be considered close. The daily consumption 
in Lot IV was somewhat low, but the small figure is not signifi-
cant, considering the wide variation in the individual pigs. Table 
X gives the crude protein required for 100 pounds gain. 
'1'he pigs in Lot II required the least protein for 100 pounds 
gain, a total of 59.20 pounds. Lot IV was a close second, re-
quiring 59.76 pounds of protein. Lot III required the most pro-
tein of all, 90.70 pounds. 
The variation among these figures indicates that the heat prep-
aration given the milk did not have a marked effect on the pro-
tein requirement. In this connection, however, it must be borne 
in mind that Lot II contained only one pig after the thirty-sixth 
day and Lot III only one pig after the fiftieth day. 
THE FINAL CHECK PERIOD, 30 DAYS 
In the last 30 days of the experiment when all the pigs were 
fed alike on shelled COl'll, meat meal tankage, and salt, all of which 
was self-fed, the daily gains favored Lot I (whole raw milk ) and 
Lot II (pasteurized milk ). 'l'hese lots gained respectively, 1.29 
and 1.52 pounds per pig. Lot IV (boiled five minutes ) was the 
poorest with .767 of a pound and Lot III (brought to the boiling 
point ) gained 1.18 pounds. 
The appetites of the pigs, based on the pounds of feed con-
sumed per pig daily ranked as follows: Lot I, 5.09; Lot III, 4;69 ; 
Lot IV, 3.85; Lot II, 3.31 pounds. 
The ranking of the lots for feed requirement per 100 pounds 
gain, was: Lot II, 218; Lot I, 395; Lot III, 396; Lot IV, 502 
pounds. 
Lot 
no. 
}. 
II 
III 
IV 
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TABLE XI. BODY INCREASE OF PIGS 
Ini tial and final measurement5, absolute increase and percentage increase. 
100 days, Nov. 26, 1918, to M.arch 6, 1919. 
(All measurements in inche3.) 
Milk I treatment Measurement 
\ 
Pasteur-
ized 
I Brought boiling 
point 
, 
1 Initial I Final Absolute incr. 
Percentage incr. 
1 
Initial 
Final 
Absolute incl'. 
Percentage incl'. 
tOI Initial 
Final 
1 Absolute ;ncr. 
I Percentage incl'. 
Boiled five\ Initial 
minutes ', n·al 
Percentage iner. I Absolute incl'. 
'" 
'" 
bO ..... 
"'"'"' "' .... 
.... 
" a ]~ ]~ "'"'"' "'"''''' "'"' .... "" '..., "'"'"' ",bO "'0. "'''' "" 
""'" 
0" """, ..... ~ 
" '" 00..::: f'<~ p<~ U'" U~ Po.!'o 
, 1 1 1 1 1 1 
I 7.681 4.63 1 12.801 4.081 3.371 12.011 2.34 
I, 18.21 10.24133. 271 10.08 8.43 35.63 4.92 10.53 5.61 20.47 6.00 5.06 23.62 2.58 
,137.11121.17159.92147.06150.15196.67110.26 
I 7.87 4.72 13.39
' 
4.02 3.78 12.40 2.44 
\ 19.69 11.02 36.22 11.61 9.84 40.94 1 5.12 11.82 6.30 22.83 7.59 6.06 28.54 1 2.68 
'150.19133.47170.50188.81160.32230 . 16 '1 109.84 
1 1 
6.69 \ 3.74 12.60\ 3.54 3.07 11.021 2.13 
17.72 9.65 32.28 9.80 8.27 32.28 4.72 
11.031 5.91 19.68 6.26 5.20 21.26 2.59 
164.87 \158.02 /156.19 /176.84169.38192.92121.60 
-------
1 7.871 4.43', 13.19\ 3.94\ 3.90 12.70\ 2.44 
1 18.901 1u.Ma l aa.6o l lU.~6 1 !s.b',! .;o.~l l 4 .~ ti 
I 11.031 6.4°120.471 6.991 4.77123.521 2.52 \1~_~.~51144.47 155.19 ~7~ 122 .3118~0 103.28 
THE MEASURED GROWTH OF TI-IE PIGS 
The average initial and final measurements per pig, and the 
absolute and percentage increases are given in table XI. 
The fig'ures on growth are somewhat conflicting. It will be 
noted that the body increase of the pigs in the different lots was 
not consistent with the gain in weight or the feed required. On 
the basis of percentage increase, all measurements consi.dered, 
Lot III (brought to the boiling point) made about the same bod-
ily increase as did Lot II (pasteurized), and these were followed 
in order by Lot I (raw milk) and Lot IV (boiled five minutes ). 
These results indicate that there was little difference in value 
between the variously treated milks when feci to orphan pigs; 
that heating the whole milk, whether thru pasteurization or boil-
ing, apparently did not affect the efficiency of the ration on the 
whole, during the 100 days of experimental feeding. 
Since another experiment* gave fairly uniform re:mlts thru-
out, the relative nutritive value of the raw and variously heat-
treated milks is probably close. r' 
*Evvard, Hammer, Wallace and Glatfelter, of the Animal Husbandry <md Dairy Bac-
teriology Secl.ons, recently conducted an experiment (the res ults of which are yet 
unpublished) in wh~ch t"hey compared raw milk, pasteurized milk. milk just brought 
to the boiling point, milk boiled one minute .and milk boiled ten minutes when fed to 
orphan pigs in conjunction with a free-choice, self-fed basal ration of white shel1ed 
corn, meat meal tankage and salt. The comparative valqe of these various milks was 
close, but the raw milk fed pigs led slightly in gains; pasteurized milk ranked 
second. 
The average daily gains for the five groups of pigs for 60 days of milk feeding wer~ 
<IS follows: raw milk .481 pound; pasteurized milk .475 pound; milk brought to 
the boiling point .438 pound; milk boiled one minute .428 pound and milk boikd tell 
minutes .459 pound. 
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SERIES VII-VIT ANIIN NIODIFICATION OF 
COliVS J WHOLE MILK 
Literature, covering experimental results by investigators, was 
referred to in our previous bulletin on this subject, which indi-
cates quite strongly that milk does not carry a superab.lndunce 
of water soluble B and water soluble C vitamins. Under cerlain 
conditions, milk seems to be deficient in these life-giving, growth-
promoting accessory feed substances. 
Regardless of the excellent qualities of milk, recent investiga-
tions have pointed out the probability of marked deficiencies be-
ing associated with it; this is especially the case with the anti-
scorbutic and water solubl e B vitamins. It was deemed advisable 
to run tests emphasizing the addition of vitamin rich substances 
and the following vitamin-carrying substances were used: 
1. Orange juice. This is a good source of the anti-scorbutic vitamin 
C, a fair sour ce of the anti·neuritic vitamin B, and contains a little or 
the fat soluble vitamin A. 
2. Eggs. Eggs ar e a fair source of the fat soluble A vitamin ~ nd, in 
addition, contain small amounts of the anti-neuritic and anti·scorbutic 
vitamins, Band C. 
S. Tomato juice. Tomato juice is a good source of vitamins, Band C, 
and is a fair source of fat soluble A. 
;,. Wh eat embryos. Wheat embryos provide (at soluble A and water 
soluble B vitamins fairly well but apparently lack in the ~nti-scorbutic 
vitamin C. 
The vitamin content of the feeds used in the basal ration may well 
be discussed here: 
1. Shellecl c01'n, yellow. Yellow corn contains the fat soluble A vi-
tamin, is a fair source of the anti-neuritic vitamin B due to the germs, 
but is lacking in the anti-scorbutic vitamin C. 
2. Shellecl corn, wh'ite. White corn apparently is quite deficient in 
fat soluble A and anti-scorbutic C vitamins, but is a fair source of the 
anti-neuritic vitamin B. 
S. Cows' w hole m:lk. This is con sidered, on 'the average, a good 
source of vitamin A, a fair source of vitamin B; it contains some vita· 
min C. In this connection it must be emphasized, however, that the 
vitamin content of cows' whole milk is variable, depentling on the ration 
fed the cows. 
;,. M eat m eal tankage. Evidence is accumulating as to t he vitamin 
content of the product. However, tankage is now thought to contain 
vitamins in much smaller amounts than was previously supposed. The 
high h eat and pressure used in manufacture is largely destructive of 
t h e vit~ mins jJn:s : nt in the basic raw materials. 
OBJECTS OF EXPERIMENT 
1. To study the advisability of mod ifying the vitamin content 
of cows' whole milk by the addition of orange juice, egg's, tomato 
juice, and wheat embryos. 
2. To obtain general information and to gather more data 
concerning orphan pig raising. 
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Figure 6. Such pigs as these above thrive sp lendidly when orphaned if they are 
properly fed on the right feeds and efficiently managed. The younger pigs are 01'-
phaned. other things being equal, th-e greater the difficulties ahead. However, very 
young brphan pigs may make creditable gains and keep healthy. 
DURATION OF EXPERIMENTAL PERIOD 
The experiment ran 90 days, with feeding as follows: 
First 30 days- Milk was limited to one quart per head daily in con-
junction with a self-fed free-choice ration of shelled corn, m eat meal 
tankage and block salt_ Milk was a llowed three times daily, 7: 00 a_ m., 
12: 00 noon and 5: 30 p. m . Water was allowed three times daily. 
Second 30 days- The same as first 30 days with the exception that 
. the milk was fed twice daily, 7: 00 a. m., and 5: 30 p. m. 
Third 30 days- Final ch eck period. Milk and "vitamin carrying" 
materials discontinued and pigs self-fed shelled corn, meat meal tank-
age and block salt. 
METHODS OF EXPERIMENTATION 
Ten pigs from one litter were used in this experiment_ At 
birth they ranged from strong to very strong in vigor; in con-
dition, they ranged from medium to choice_ The pigs were far-
rowed by a Hampshire-'l'amworth cross bred sow, and were 
sired by a ' purebred Poland China boar of the large type. The 
pigs were 10 days old when the experiment began and their 
condition ranged from medium to good, with the exception of 
one pig that graded common. The pigs wer e all in a splendid 
state of health and thriftiness when the experiment began_ 
In alloting the pigs into groups, the factors considered were: 
Weight, condition, color, probable outcome and health. 
Group V (extra ) was an after thought, being composed of the 
discarded pigs remaining after Groups I and IV were made up_ 
We regarded Group V pigs at the start as inferior to those in 
1he other groups.. In comparisons, therefore, if Group V shows 
superiority to the other groups this is stronger evidence in favor 
of the group than if all had been equal at the start. We wish to 
emphasize the comparison of Groups I and V- showing that 
the addition of the wheat embryos bettered the ration. Altho 
aver'age weight of the wheat embryo fed pigs, Group V, was 
118 
less than the weight of the other groups, they have, other 
things being equal, an opportunity to make quite economical 
gains. , i i 
Two check lots were fed and two lots received each of the 
different vitamin modifiers. Both lots in each group were fed 
the same. 
An individual record was kept on each individual pig, be-
cause each comprised a lot. 
ALLOTMENT AND Hi} TIONS FED* 
The groups \\'ith rations are designated as follows: 
Group I Lot I "Vitamin carrying" material I 
No. I No. additions I Ration fed and how 
1---1"1-1 None I 
i ll 
II i III 
i 
: IV 
I 
! 
III I V 
1 I VI 
lV I VII 
I I VIII 
I 
I 
I 
V I IX 
('Extra) I 
Ix 
I 
! None I Cows' whole milk limit-
Juice from 1 orange, not quite I 
2 ounces, once daily, a. m. feed.: ed to one quart fed 
Juice from 1 orange, not quite I three times da ily first 
2 ounces, once daily, a. m. feed.1 
I 0 h ' d '1 I 30 days; second 30 days ne en s egg, once al y a. m . 
I feed. I fed twice" daily. Milk 
lOne hen's egg, once daily a. m . I <.:.nd "vitamin carrying" 
! feed. I . . . 
Tomato juice, once da ily. a. m. 1 materIals dlscontlllued 
feed, 51/ 3 ounces, (approxi-/ afterwards. She II e d 
mately 3 times the juice of 1 . 
orange). I corn, mixed, self-fed, 
Tomato juice, once daily, a. m. I plus 60 percent protein 
feed, 5 1/ 3 ounces, (approxi- I 
mately 3 times the juice of 1 I meat meal tankage, 
orange). ; plus block salt, self-fed 
I Wheat embryos, 10 grams (a I entire time The above 
little over 1/ 3 ounce) once 1 • 
da.ily, a. m. feed . I allowa.nces were fed to 
Wheat embryos, 10 grams (a I ::I I! groups. 
little over 1/ 3 ounce) once ! I daily, a. m. feed . I 
After the first 60 days, the milk and vitamin carrying mate-
rials were discontinued and the ration consisting of shelled 
corn, 60 percent protein meat meal tankage and block salt was 
self-fed free-choice. 
No special preparation was given to any of these experimen-
tal feeds, but the different vitamin carrying supplements were 
mixed with the milk. 
Thoro mixture of the orange juice, tomato juice, or the egg 
with the milk was easily accomplished. The wheat embryos, 
however, showed a tendency to settle at the bottom. Any resi-
dues left after the liquid portion of mixture was consumed 
*For exact amounts fed see tables. 
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TABLE XII. CHEMI CAL COMPOSITION OF FEEDS 
Analyses by W . G. Gaessler. A . R. Lamb and Associates of Ch~m is~ ry Section. 
I Dry I Water I Crude I Carbohydrates I protein j- Nitrogen -\ Fibe-'::-- Fat Ash matter 
Shelled corn .... \ 86 . 00 1 14 . oot i 
~~rkk.a3"~.:::::::: ~U~ \ 8i:~~ I 
')range ju'ce .... 12 . 09 87 . 9] 1 
"ggs" ..... ... 1 26.78 1 73.22 1 
Tomato ;uice .... I 5.11 1 94.89 I 
Wheat cmbryoo" 1 91. 50 1 8. 5C 1 
\ free 
extract 
9.93 \ 68.24 2.23 
59.81 4.73 3.62 
3.60 4.94 0.00 
.478 N.D. t N.D. 
12.93 1 
.782 1 N .D . 
29.44 1 44.37 
N.D 
2.91 
4.41 
8.08 
3.74 
N .D . 
10.11 
N.D. 
10.07 
1.19 
17.35 
0.72 
~.D . 
.93 
N.D. 
4.71 
·Figures computed from Babcock's analyses. Our analyses calculated on 3.7 per-
cent fat basis-analyses by Dairy Department, Iowa S'.ate College; other nutrients 
calculated from Eckles' analyses. 
··Forbes, E. B., Beegle, F. M., and Mew;ching , J. E., Min eral and Organic Analyses 
cf Foods. Ohio Bu!. 255 (1913). 
tThe corn grain as fed carried a water content ranging from 13.80 to 14.00 percent. 
tN.D. stands for "not determined ." 
were mixed with the drinking water, or subsequent milk feed-
ings. All wheat embryos wer e thereby consumed daily. 
These orphan pigs were kept in the Animal Husbandry Sec-
tion Laboratory, the same building in which the other orphan 
pig experiments were conducted. However, larger pens 
were made by using wire and steel panels. These pens were 
approximately 3.5 by 10 fee t in dimensions. The pigs were al-
lowed to exercise frequently in a wiele alleyway. 
DESCRIPTION OF THE FEEDS USED 
Whole Past eul"izecl milk. This was from the same general source as 
that used in Series V. 
Sh ell ecl COl'n. The corn was secured locally, being of mixed yello w 
and white color, figured a nd r ecorded on a 14 percent moisture basis. 
M eat m ea l tankage. This was Armour's 60 percent protein tankage. 
Block salt. Same as Series V. 
01'ange juice. This W2S obtained from orangE'S purchased from a 
local grocer. The juice, pressed out and strained thru cheese cloth , 
was fed with milk. 
Tomato j ttiee. Canned tomatoes were used. The juice fed was pressed 
out and strained thru cheese cloth. 
Eggs. The hens' eggs used were secured locally. 
Wh eat embl'Yos. These were supplied by the Washburn Crosby Com· 
nny of Minneapolis, Minnesota. 
DISCUSSION OF EXPERIMENTAL RESULTS 
Fi1'st 60 Days oj Feecling P e1'iocl 
The data represented in table XIII covers the entire milk-
fed period of 60 days, a suckling period of practical length. 
Table XIV, inserted for r efer ence, gives the vitamin feed 
supplements (natural basis) consumed daily per pig and the 
amount r equired for 100 pounds gain. 
In all cases the pigs r eceiving a vitamin-carrying f eed mixed 
with cows' milk outgained the pigs of the check group not re-
ceiving vitamin additions. (Note table XV. ) 
TABLE XIII. VITAMIN MODIFICATION OF COWS' WHOLE MILK-SERIES VII 
Experimental June 14 to Aug. 13. 1920. results-first 60 days-milk-fed period. 
(All figures in pounds.) 
----------------------;W=h-o.,-Ie-m--;-il""k-'----;'--=--,;Whole milk. , Whole milk. Whole milk. Whole milk. 
(Check) plus orange 1 plus egg p lus tomato plus wheat 
juice juice embryos 
Group I Group II Group III Group IV Group V 
(Extra) 
Lot no. - 1-1--1- - ----nr-, IV V VI VII VIII IX X 
Av. initial weight. . . . ..................... '--7.15 , 5.50 ~I- 5.70 6.30 5.90 6.60 6.40 3.70 3.00 
Av. final weight .. ................... . .. ... , 30.00 1 31.80 43.70 36.50 45.00 36.70 34 . 80 45.70 33.50 27.50 
Av. da il y gain per pig . ... . .. . ..... . .. ... .. 1 .381 ' .438 .613 .513 .645 .513 .470 .655 .497 . 408 
Average per group ................ .. ...... , .410 .563 .579 .563 .453 
Shelled corn (14 % moisture)............ .033 .063 .463 .192 .313 .119 .215 . .618 .263 Av. daily feed consumed per pig: 1 I \ \ \ '- 1-
"Cows' whole milk (natural)............ 2.111 2.111 2.111 2.092 1 2.111 2.111 2.111 1 2.111 2.111 
Orange juice (90% dry matter) . ........ I .. ................ 1 .0241 .024 I ........................... 1 .... .. · .. 
.150 
2.111 
.305 Cows' whole milk (90 % dry matter) ..... 1 .305 \ .305 1 .305 1 .302 1 .305 \ .305 .305 .305 .305 
Egg (90 % dry matter) .................. I ........ · 1 ........ · 1 ...... · .. I-- .... · .. ! .029 .029 ........ \ .... -- .. ·1 ........ ·1 ........ · 
Tomato juice (90% dry matter) .... ... ... , ....................... . ........... . 1 . ........ I .... .. . .. I. . on 1 .021 ................ .. 
Wheat embryos (90% dry matter) ...... I ......... I ......... I ......... ' ......... I ......... I .... ... .. I ......... I.... ... .. .050 .050 
Tankage ....... ....... ......... ... ..... 1 .358 / .317 I .254 \ .404 .542 1 .354 .350 I . 349 .221 \ . 240 
""Total .................................. J .698 .687 / 1.048 , . 924 , 1.192 ' .810 , .892 1.295 / .841 , .746 
Block salt ........... .. .... . ............ \ .002 .002 .002 .002 .003 .003 .001 .002 . 002 .001 
""Average per group ...................... , .693 .986, 1.001 , 1.094 , .794 
""Av. daily feed consumed per 100 lliS:\---- , --- ,--" 1----'---- ----
liveweight ................... ......... 4.091 4.184 5.422 5.507 1 5.542 I 4.395 i 4.843 6.193 1 5.927 6.464 
Feed required for 100 lbs. gain: I \ , 1 1 
Shelled corn (14 % moisture) ...... ...... 8.75 14.30 75 . 49 37.37 1 48.55 \ 23.12 45.82 94.30 52.89 36.78 
"Cows' w hole milk (natural) ...... .. .... 554.35 481.63 1 344.21 407 . 44 1 327 . 31 / 411.27 , 449.18 \ 322.32 1 425.07 517.02 
Cows' whole milk (90 % dry matter) ..... 80.09 69.58 49.73 58.86 1 47.29 59.42 ' 64.89 1 46.56 1 61.4 1 74 . 69 
Orange juice (j)0 % dry matter) ........ . , ........... ....... 1 3.92 4.68 1 .... ..... 1 ......... 1 .. . ...... , ........ . Egg (90% dry matter) .................. I..... ......... ......... .... . .... 4.58 5.75 ................. . 
Tomato juice (90 % dry matter) ......... : . .. ....... 1......... ............ .. .. .. . ......... 4.51 3.24 , . ....... . [ ....... .. 
Wheat embryos (90% dry matter)······· I· ....... . ........ 1 . . .. . .... 1 .. . ...... , .... ..... 1 .... . ................... . .. 10 . 04 1 12.22 
Tankage ......... , ........ ... . ········· 1 94.0~ 72.24 I 41.44 78.73 1 83.98 1 68.99 74.47 53.21 44 . 46 58 . 78 
Block salt .......................... · ... 1 .48 .34 .35 .36 .44 .55 .21 .23 .37 .24 
""Total .................................. 1 183.41 156.46 , 170.93 180.00 184.84 157.83 189.90 197.54 1 169.17 182.71 
""Average per group ..................... 1--169.94-' 175.-47--- 1--171.34 193.72 , 175.94 
·Cows· whole milk on natural basis not included in calculations of totals. However, cows' whole milk reduced to grain dry ma.tter basiS-iS 
added in; this puts the figureS on a comparable basis. . 
""Includes cows' whole milk and vitamin feeding materials on grain dry matter 90 % basis. 
I--' 
~ 
o 
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TABLE XIV. VITAMIN FEEDING MATERIALS CONSUMED 
Amount per pig daily and requirement for 100 pounds gain (natural basis) 
60 days, June 14 to Aug. 13, 1920. 
(All figures in pounds.) 
Whole milk I Whole milk I Whole milk 1 Whole milk I Whole milk 
(Check) plus orange I plus egg plus tom a- plus wheat 
;,-_c;c-_,l juice to juice embryos 
Group I I GrOUPIII Group IiI J Group IV I Group V 
I I I (Extra) 
Lot no. I II I III I l V I V I VI I V II I V III I IX I X 
~ v. daily vitam in 1 1 
consumed per 
pig: 
feeding materials \ 
Orange juice .. ....•. . • .... .179 .179 ................................... . 
Egg ....... ......... 1. ..... ...... . ..... .099 .099 ....................... . 
~~:~oe~~cr~o· .. :::::: /:::::: :: : ::: : : :::: ::: : :: :: :::: .. :~:~ . . :~:~ ":049 ":049 
100. gam: 
~~:e,;,i.:J s f~,~~ing I I I I 
Quired for 100 I 
Orange juice .. / ..... ' 1' .... ' 129.18 /34.87 I······ ... , ..... . . .. .... .... . ....... . 
Egg ............. ... ........ : ...... . .. 115 .38 19.32 ... ...... ... . ..... . ... . . 
Tomato juice . . ...... \ ...... 1 •••••••••••• \ •••••. \ •••••• 79.45 57.01 ........... . 
Wheat embryos ......... : .. 1 .................................... 9.88 12.02 
The pigs of Group III, recelvmg whole milk plus eggs made 
41 percent more gains than the check Group I. 'l'he pigs in the 
orange juice and t ·- mato juice modification groups made equal 
gains, being 37 percent greater than the gains of the check 
Group I, and they stood next to the egg modification Group III 
in average daily gains; the wheat embryo modified Group V, 
made 11 percent greater daily gains than the check Group 1. 
In every case, the groups receiving vitamin additions to the 
basal ration consumed more feed daily than did the check 
group. The increased daily feed consumption was closely re-
lated to the gains made; all groups rec e ivin~' vitamin additions 
outgained the check group. If the average daily feed con-
sumption of Group I is considered as 100 percent, t.hen Group 
II consumed 143 percent; Group III, 144 percent; Group IV, 
158 percent; and Group V, 115 percent. The least feed con-
suming group (V) consumed 15 percent more feed than the 
check Gt·oup 1. Group IV, having the greatest average daily 
feed consumption, consumed 58 percent more than the check 
group. 
TABLE XV. AVERAGE DAILY GAIN 
Sixty-d·ay period. 
Group I - Check ... . . , ................... • .. ..•.. \ 
Group II - Check, plus orange juice .... . . .... .. ... . 
Group I1I-Check, plus egg ..... : .. . .... .. ... ...... .. 1 
Group IV- Check, plus tomato JUIce ... ... . ... ..... . 
Group V (extra) - Check, plus wheat embryos .. . .. . 
Av. daily 
gain 100. 
.410 
. 563 
.579 
.563 
.453 
I Comparison. percentage 
1 
basis 
Group I = 100 
100 
137 
141 
137 
111 
122 
'l'he pigs receiving the vitamin supplements consumed more 
of the self-fecI portion of the ration, particularly the grain. 
Check Group I, receiving whole milk unsupplemented, consumed 
only .033 (Lot I) and .063 of a pound of corn (Lot II), whereas 
the tomato supplemented milk-fed pigs consumed .215 (Lot 
VII) and .618 of a pound (Lot VIII). This latter was the 
greatest daily feed consumption. These pigs consumed almost 
nine times as much corn as the check lot. This is a favorable 
sign because the "best doing" pigs are usually the ones that 
begin eating corn earliest and in the largest amount. 
The orange juice fed pigs ranked next to the tomato juice 
fed, while the egg fed pigs and wheat embryo fed were about 
on a par. But even these pigs consumed over four times as 
much shelled corn as the check lot. 
Group I (check) pigs consumed an abundance of meat meal 
tankage daily, but the egg fed pigs led in consumption and the 
other groups ranked as follows: 'Tomato juice; check, or 
straight cows' milk; orange juice and wheat embryo. 
Just why the check group pigs ate such a large amount of 
tankage compared to shelled corn is not explained. However, 
young pigs consume relatively large amounts of meat meal 
tankage as compared to corn grain because they require a very 
narrow nutritive ratio. 
Table XIII shows that the straight cows' milk fed pigs made 
the most economical gains, while the tomato juice fed pigs were 
the least efficient. 'l'he final weight of the check pigs was the 
least, however, of the strictly comparable Groups I to IV, in-
clusive. This indicates that if the check pigs had been fed 
longer, (they averaged 30.9 pounds per pig) so as to reach the 
heavier weight of the egg fed pigs (40.9 pounds), the result 
might have been different, because gains made at increased 
weights require more feed per unit of increase. 
The check gl;OUp required the least feed per unit of gain and 
the other groups ranked as follows: Egg fed, orange juice 
fed, wheat embryos fed and tomato juic~ fed. 
If the vitamin carrying materials are excluded from the com-
parisons, the feed requirement for the 100 pounds gain by 
groups was as follows: 
I ! I Final weight Ranking Feed.ng and group designation Feed reqUired/ per pig I (Pounds) (Pounds) 
1st. 
2nd. 
3rd. 
4th. 
5th. 
Wheat embryo fed V! 164.8 30.5 
Egg fed III 166.2 40.9 
Check I . 169.9 30.9 
Orange juice fed II I 171.2 40.1 
I Torn'f .o juice fed IV I 189.9 40.3 
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Our broader interpretation of these data is that the vitamin 
carrying feeds, eggs, orange juice, tomato juice and wheat 
embryos, were instrumental in making greater gains, under 
strictly comparable data computation, per unit of feed, than 
where no vitamin carrying material was fed . The tomato juice 
fed pigs and the orange juice fed pigs gained equally rapid and 
they were exceeded only by the egg fed pigs. Apparently 
these vitamin carrying feeds, eggs, orange juice, tomato juice, 
and wheat embryos were nutritionally advantageous. In prac-
tice some of our best swine breeders and feeders have found 
eggs, orange juice, and tomato juice of unique and beneficial 
value in enhancing growth and gains of young pigs. 
Protein Consumption and R eqttirements 
The crude protein consumed per pig daily is presented in 
table XVI. The protein consumption ranged from .41 to .58 
of a pound per pig daily, being greater in all instances where 
the vitamin carrying accessories were added to the cows' whole 
milk. There was a close relationship between the average 
daily gain in liveweight and the crude protein consumption. 
This relationship is shown more clearly by ranking the groups 
according to their weight gains and then by placing alongside 
cach group the protein and total feed consumption figures. 
S'lch a comparison is made in the following paragraph. 
I I Protein, 
The groups ranked ac- I The daily I crude, con- I 
cording to their daily I p,"ain, avo per I , umed daily I 
gains; the best gaining I pig I per pig I 
group given first. I I I 
! (Lbs.) I (Cbs.) I 
III E;!;g f~~I--.57-9--1--.379--
IV Tomato juice fed ... , .h~:l I .R 2 ~ 
JI Orange juice fed ... \ .563 I .306 
V Wheat embryo fed .. .453 .249 
I Check. no vitamin . . 1 I 
carrier fed 1 .410 .283 
'T'"tRl fee-rt 
equivalent 
consumed 
daily per 
pig 
(Lbs.) 
--rD61--
1.0~4 
.986 
.794 
There apparently is well marked correlation between the 
protein consumption and the average daily gain of the pigs 
in the various groups. A similar correlation exists between 
the total dry feed equivalent consumed and the average daily 
gains. The slow gainers and the low f eed c()nsumers are prac-
tically the same; likewise, the slow gainf'rs and the low pro-
tein consumers are identical. It appears that the vitamin car-
riers stimulated the total feed consumption as well as the pro-
tein ingestion, hence, the larger gains. These same vitamin 
carriers, particularly the eggs, may have improved the pro-
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TABLE XVI. CRUDE PROTEIN CONSUMED AVERAGE DAILY PER PIG 
60 days, June 14 to Aug. 13, 1920. 
(All figures in pounds) 
----=Gc-ro-u-p-no-.----'7'--·1 I II I m -I-- IV--I-V--
--Lot no. I I-I II-lllI I IV I V I VI 1,.11 I III /lxTX-
Shelled corn ...... ... ... /. 003 1. 0061.046 1 .019 .0311.012 .021 .061 . 0261.015 
Cow.' whole milk ...... 076 .076 .076 .075 .076 .076 .076 .076 .076 .076 
Orange juice . . .... . ........ " .... .001 1. 001 .... I'.... .... .... .... .. .. 
Egg ................ . ... .... .... .... .... .013,.013 .... .... .. .. , ... . 
Tomato juice ......... . . .... .. .. .... . . . . .. . . .. .. .003 .003 .... . .. . 
Wheat embryos.......... .... .... .... .... .... .... .. .. '.... .014 .014 
Tankage ................. 2141.190 . 152 1 .242 .324 .212 .209 .209 .132 . 144 
Total .................. 293 r .272 .275 .337 .4441 .313 . 309 .349 .2481 .249 
Average per group ....... 1 .283 I .306 I .379 I .329 I .249 
Average daily gain \ II .563 I .579 I .563 I (For referenc~....... .410 .453 
teins fed and thus stimulated a greater growth. Stimulation 
of grow,th increases the need for the ingestion of more protein 
and other feeding constituents to meet the new demands. The 
percentage of protein stored (see table XVII) of the total 
amount ingested .seems to indicate that the quality of the pro-
tein for body building was enhanced by the addition of the 
vitamin carriers. Possibly the vitamins, and maybe the better 
minerals added in these so-named vitamin carriers rendered the 
protein metabolism more efficient. 
Th_e crude protein consumed for the hundred pounds of gain 
made by the lots and groups is presented in table XVII. In all 
instances the groups receiving the vitamin carriers required 
less crude protein per unit of gain than did the check group, 
which makes the results quite significant. The differences 
were marked and quite striking. The orange juice fed pigs 
required 14.31 pounds less protein for 100 pounds gain than 
the check ones (55.23 as compared to 69.54 pounds, which is 
equal to 21 percent) ; the egg fed pigs reduced the requirement 
seven percent or 4.69 pounds (64.85 as compared to 69.54 
pounds ); the tomato juice fed pigs took 14 percent or 9.98 
TABLE XVII. CRUDE PROTEIN REQUIRED FOR ONE HUNDRED POUNDS 
OF GAIN 
60 days, June 14 to Aug. 13, 1920. 
(All figures in pounds.) 
---;Go-r-ou- p-n-o.-----.--'I I I1--1 III IV V 
Lot no. I I I II IIII ' I-IV!VI 'VI I VIJ \ VIIII IX I X 
Shelled corn .............. 1 . 87 1 1~ 7.50-1 3.71 4.82 2.301 4.55\ 9.36\ 5.251 3-:-65 
Cows' whole milk ..... . .... 19 .9617.3412.3914.6711.7814.8116.1711 . 6015.3018 . 61 
~~~i:~;~i;j :~~~~~~:~~~~ ~:~J~~:: :<~ :<~ >~~ ;~~~~ :>~ :>~ :~~~~ :~:~i 
Tankage .. . .............. 56 . 28143.2124.7947.0950.2341.2644.5431.82 26.59 35.16 
Total .......... . ...... . 77.11 61. 97 44.82 65.64 68.82 60.87 65 . 88 53.23 50 . 05 60.96 
Av. per group ............. 1 69.54 I 55.23 l 64.85 I 59.56 I 55.62 
Av. daily gain I I 
(For reference) ........ 1 .410 1 .563 .579 .563 1 .453 
Protein storage, est. percent I 20 I 25 I 22 2'4 I 26 
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pounds less feed than the check lot pigs (59.56 as compared to 
69.54 pounds ) ; and the wheat embryo fed pigs were easily su-
perior to the check fed pigs, reducing the feed requirement 
14.02 pounds or 20 percent (55.52 as compared to 69.54 
pounds ) . Surely the protein requirement was much reduced 
by feeding these vitamin-protein-mineral carriers, eggs, 
orange juice, tomato juice and wheat embryos. 
The storage of protein may be estimated on the basis of pro-
tein contained in 100 pounds of gain, and the protein con-
sumed to make 100 pounds of gain. Young pigs, such as these, 
are estimated to put about 14 pounds of protein into the aver-
age 100 pounds of gain. Wilson found the bodies of young 
pigs 16 days old to eontain, r espectively, 14.13, 14.57 and 14.78 
percent protein. On the other hand, Tschirwinsky (20) on 
analyzing pigs 9 to 10 weeks of age found, respectively, 15.21 
and 14.30 percent of protein. We have assumed that the gains 
made in all of the groups carried at least 14 percent of pro-
tein. The storage of protein on the percentage basis favors 
the groups receiving the vitamin carriers. The check fed pigs 
stored 20 percent, the egg fed pigs 22 percent, the tomato 
juice fed pigs 24 percent, the orange juice fed pigs 25 percent, 
and the wheat embryo fed pigs 25 percent. On this interpreta-
tion basis we again have evidence showing better protein utili-
zation where egg, orange juice, tomato juice and wheat em-
bryo additions were made to the milk supplement. 
The Measw·ed Growth of the Pigs 
Table XVIII gives the average initial and final measure-
ments together with the absolute increase and . percentage in-
crease in measurements of the pigs in the different groups. 
The wheat embryo-fed pigs of Group V made in every meas-
urement greater gains on the basis of percentage increase than 
did the pigs of the other groups. The absolute increase figures 
show that these embryo fed pigs, likewise, excelled the check 
Group I in every particular, and were superior or equal to 
the orange juice fed pigs in all dimensions excepting paunch 
circumference which is quite a variable as well as expansible 
measurement, being affected by the alimentary contents. 
This is a very good showing in favor of wheat embryo feed-
ing when one considers that these pigs were quite inferior to 
the others at the start of the experiment. This, as well as 
other indications in this series, may indicate that the vitamin 
B, carried by the wheat embryos, may be a deficiency. factor 
in a ration of shelled corn, tankage, salt and pasteurized milk. 
Inasmuch as beneficial r esults were secured at this station 
from the addition of corn germ oilmeal (corn oil cake meal ) 
to a corn grain-tankage-salt ration, and because rice polish 
Q 
" ;; 
" 
-_. 
I 
II 
III 
IV 
V 
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TABLE XVIII. BODY INCREASE OF PIGS 
Initial and final measurementJ, ab::olute increase and p: rcentage increase. 
60 days, June 14 to Aug. 13, 1920. 
(AU m eas urements in inches.) 
oj 
~ ~ Vitamin 
'" ~..c ..c ' ';:S modi fica- Measurement "0 .... ..c .... ..c uS -", 
- .... "' .... ~.z ~ " 
"" 
tion "", '" '" "0'" 
, . .... 
O.~ ~ ~ "'c. "'"0 "U .~ U 
"'''' ~~ o~ .<; '" "'.~ " ... ~ '5 02'" ~~ U"O u~ ~·u 
I NO:-
I I 
11.90 \ 13 .30 I ~~ I Initial 8.10 5.25 1 4.70 3.80 I Final 14.13 8.38 22.50 1 7.75 5.75 23.13 3.75 
I 
I Absolute incr. 6.03 3.13 \ 10.60 3.05 1.95 9.83 1.25 I Percentage incl'. 74.44 59.62 89.08 64.89 51.32 73.91 150.00 
I I I Orange ) Initial 8.10 4.65 i 11.85 1 4.38 4. 13 1 12.75 2.58 
1 JUIce Final 13 .50 8.13 I 23.25 8.00 6.50 27.00 I 4.00 Absolute incr. 5.40 3.48 \ 11.40 3.62 2.37 \ 14 .25 I 1.42 I Percentage incl'. 66.67 74.84 96.20 I 82.65 57 .38 111.76 I 55.04 
/Egg 
I I 
I Init:al 7.40 5.35 1 12.25 I 4.30 4.40 \ 13.00 2.55 Final 14 .90 8.50 23.63 I 7.63 5.88 25.85 4.03 
I ) Absolute incr. 7.50 3.15 I 11.38 \ 3.33 1.48 \ 12.85 1.48 Perczntage incl'. 101.35 58.88 i 92.90 77.44 33.64 98.85 58.04 
I I I 
Initial 7.75 
5.25 1 12.75 ! 4.28 4.03 12.75 1 2.55 Tomato Final 14 .63 8 50 24.00 8.00 5.75 26 .00 4.00 
juice Absolute incr. 6.88 3.25 11.25 3.72 1.72 13.25 \ 1.45 
Percentage incr. 88.77 61.90 88.24 86.92 42.68 103.92 56.86 
I Wheat 
I 
Initial 6.25 
4. 15 1 
9.35 3.50 2.88 9.80 2.00 
Final 13.00 7.88 21.50 7.25 5.25 24 .00 3.63 I embroys Ab30]ute incr. 6. 75 I 3.73 12.15 3.75 2.37 14.20 1.63 
Percentage incl'. 108.00 \89.881129.95 107.14\82.29 144.90 81.50 
----
and yeast (both B vitamin carriers ) have increased the gains 
when added to a similar basal ration with growing pigs, it 
appears that corn grain and meat meal tankage do n ot carry a 
sufficiency of the B vitamin for maximum production. Since 
the B content of corn grain is practically all lodged in the 
relatively small germ, certainly the B vitamin supplementation 
of corn for growing pigs needs more study. 
The check Group I, on the average, made less gain in body 
measurements than did any of the supplemented groups. This 
seems to indicate that the vitamin carrying feeds were influen-
tial in promoting body growth. 1'he addition of orange juice, 
eggs and tomato juice or wheat embryos, promoted ' body 
growth both in body dimensions and gains. 
General Obsm'vations 
At the close of the 60-day period, which completed the milk 
feeding, all pigs were splendidly healthy and thrifty. 
In smoothness there was very little variation , the groups 
ranking as follows: IV, tomato juice, V, wheat embryos, III, 
egg, II, orange juice and I , check, least smooth. 
'fhe egg fed pigs, Group III, showed the most hair growth, 
while the other lots were about on a par. 
TABLE XIX. VITAMIN MODIFICATION OF COWS' WHOLE MILK 
to Sept. 12, 1920. 30 days-final general check period- Aug. 13 
(All figures in pounds.) 
Who Ie milk / Whole mi"lk=p.;clu=s:..'-.-~W=-h""'ol;-e-m---C;il"'"k-p-;l-u-s --;-/--;CW=-h""'ol;-e-m---C;il"'"k-p-;I-U-S --;-\ ---;;W"'hco"l-:e-=mc-i'"lk;-:--
(Check) orange juice egg tomato juice plus wheat 
Group I [ Group II Group III I Group IV embryos 
. Group V 
Lot no. I II' III IV [ V--[ -V-I-[---vi:lIVIII- [--IX-[--X--
Av. initial wt .. ... . .. .. . ... . . ....... . . .. . \~1-31-:80 43.70 [ -"""36:-50 [~\36.70\~[~-[-33-:-50- [ -27 :50 
Av. final wt. . . ... .. ... ... . . . . .. ..... .. . ... 42.70 69 . 30 87.20 I '/3.30 \ 79.70 78.00 72.30 / 86.70 I 69.70 I 56.00 
Av. daily gain per pig.... . .. . . . ... . ...... .423 1.250 1.450 1.227 1.157 [ 1.377 [ 1.250 1.367 1.207 . 950 
Average per group .. . ..... . . . ........... . [ .837 [ 1.839 [ 1.267 [ 1.309 [ 1.079 
Av. daily reed consumed per pig: I I ----I ----[----
Shelled corn (14 % moisture)... . . . . . . . . . . 1. 083 2.983 3.667 2.676 2.642 1. 800 1 3.125 3.267 3.067 1 2.583 
Tankage . .... . .. . ... . ... .. .. .. . ... ..... .992 .750 I .792 .792 1.183 1.717 .933 .900 .767 . 817 
Block salt .............. .. .. . .......... .007 .006 .007 . 007 / .009 .009 .008 .007 .006 .004 
Total . . ......... . . . ........... . ... . .... 2.082 3.739 [ 4.466 3.474 3.834 3.526 4.066 4.174 3.840 3.404 
Total (Av. per group) . . ... . .... . ........ [ 2.916 [ 3 . 970 [ 3.680 [ 4 . 120 ---3-.6~ 
Av. daily feed consumed per 100 lbs--:- live-I 1---[---[-'--- [ / [ I / [ 
weight . .... .. ....... .. ... . . . . .. .. .. . ... 6.351 7.451 [ 6.960 6.518 [ 6.449 6.281 [ 7.767 6.480 7.~99 [ 10.34 
Feed consumed for 100 Ibs. gain: / [ (I [ [[ 
Shelled oorn (14% moisture) . . .... ... ... . 255.91 238.67 [252.87 218.10 228.41 130.75 / 250.03 / 239.02 / 254.17 1 271.93 
Tankage ... . .. ...... . ... . ... . .... . .. .. . 1 234.25 60.00 [ 64.60 64.54 102.31 124.70 74.67 65.85 63.54 85 . 96 
Block salt . ........ . ... . . . . . . . . . ........ 1.78 . 48 [ .46 .54 .75 [ .63 I .61 / .49 [ .52 [ .46 
Total . . . . . . . . . . ..... .. .. . • .. . ... . ... .. . 491.89 299.16 [ 807.93 283.18 [831.47 [ 256.08 325.31 305.36 [ 313 . 23 [ 358.36 
Total (av. per group) . . .. .... . .... . .... [--396:52--[ 296.66 I 293.78 [ 315.34 [ 338-:-29 --
I--" 
f\:) 
-1 
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TABLE XX. CRUDE PROTEIN CONSUMED AVERAGE DAILY PER PIG 
Lot no. 
30 days, Aug. 13 to Sept. 12, 1920. 
(All figures in pounds.) 
II 1 III IV 1 V VI 1 VII VIII 1 IX X 
Check I-orange \ Egg ,Tomato juiceJ-W~ 
juice 1 1 embryos 
Shelled corn ..... '1.108 .296 j .364 .2661.262 .1791.310 .324/.306 .266-
Tankage .......... .593 .449 .474 .474 .708 1.027 .558 .538 .459 .489 
Total ............ 701 .745 .838 .740 .970 1.206 .868 . 862 .764 .745 
Av. per group ..... 1 .723 1 .789 1 1.088 1 . 865 1--·755- - -
The pig doing the pooreRt of all was in the check group. 
'l'his is further evidence of lJoor nutrition in the group not re-
ceiving any vitamin-protein-mineral carrier. 
Last 30 Days, Sixty-first to Ninetieth of Feeding Period 
'l'he superiority of the rations with the vitamin carriers 
added as fed during the first 60 days were again evidenced in 
the final 30 days, which constituted a check period in which all 
of the groups were fed alike without any milk or vitamin car-
riers, namely, on mixed shelled corn self-fed, plus meat meal 
tankage self-fed, plus block salt self-fed. 'l'he 30-day general 
check period record is presented in table XIX. 
The good effects of the vitamin-protein-mineral supplements 
were carried over into the final general check period. All 
groups receiving the vitamin additions made greater gains, 
consumed more food daily, and required less feed to make a 
unit of liveweight gain than the check group. 
'l'he crude protein consumed daily per pig is shown in table 
XX. Here we note a greater consumption, continuing in all 
of the previously supplemented groups. 
'rhe crude protein required for the hundred pounds gain is 
figured in table XXI. In all of the previously supplemented 
groups, the requirement was much less than in the check, 
non-supplemented group. 'l'he desirable effects of good feeds 
oftentimes continue for many weeks, or months, after the good 
feeding supplements are discontinu ed. 
ENTIRE EXPERiMENTA L PERlOD 
Ninety Days 
'l' able XXII covers the entire experimental period of 90 days. 
The outstanding points revealed are that the pigs receiving 
high vitamin-containing feeds made the greatest daily gains, 
TABLE XXI. CRUDE PROTEIN REQUIRED FOR ONE HUNDRED POUNDS OF 
CAIN--THIRD 30 DAYS 
-30 d·ays, Aug. 13 to Sept. 12, 1920. 
(All figures in pounds.) 
Lot no. I II 1 III IV I V--V"'I -I:-VV"'II'--VinlIICYII'--'T"'X~-"X"" 
Shelled corn ...... 1 25.41 23.70125.11 21.66122.68 12.98/24 . 83 23.73\25.24 27.00 
Tankage ...... . .. 140.10 35.SlJ 32.66 38.6061.19 74 .58 44 . 66 39.3838.00 51.41 
Total - .-........ . . 1165.51 59.59157.77- 60.26183.87 87 .56169.49 63.11163.24 78 . 41 
Av. pel' group .... 1 112. 55 I 59. 02 I 85.92 1 66.30 70.83 
TABLE XXII. VITAMIN MODIFICATION OF COWS' WHOLE MILK 
to S,pt. 12, 1920. 90 days-total experimental period- June 14 
(All figures in pounds.) ---.----~W=h-o-=le-m~ic::lk=::,I==Who!,e milk, I Whole milk, I Whole milk, Whole milk, 
(Check) 1 plus orange plus egg plus tomato plus wheat 
I juice 1 juice embryos 
Group I 1 Group II Group III 1 Group IV Group V 
L~t no. 1 II I III 1 IV V 1 VI I. VII 1 VIII IX 1 X 
Av. initial weight ........................ 1~\--5-.50 \ 6.90 1 5.70 6.30 I 5.90 \ 6.60 ~ 6.40 3.70 \ 3.00 
Av. final weight .... , ........... ' '" ...... 1 42.70 69.30 87.20 1 73.30 79.70 78.00 72.30 86.70 69.70 56.00 
Av. daily gain per pig .................... 1 .395 1 .709 1 .892 1 .751 ,816 1 ,801 1 .730 .892 .733 I .589 
Average per group .... , ... ::: ..... . ...... 1 .552 1 .822 .809 1 .811 .661 
Av. daily feed consumed Per-pig: J ---I' 1 \ I I 1 I 1 
Shelled corn (14 % moisture) .... , .. " ... 1 .383 1.036 1.531 1.020 1.089 .679 1 1.185 . 1.501 1.197 1 
"Cows' whole milk (natural) ..... "., .. , 1.407 \ 1.407 \ 1.407 1 1.394 \ 1.407 1.407 I 1.407 1.407 1.407 
Cows' whole milk (90 % dry matter)., ... , 1 .203 .203 .203 .201 .203 1 .203 ,203 .203 .203 
Orange juice (90 % dry matter) . . , ... , .. , 1 1 ••• ,... .016 .016 I 
Egg (90 ?,0 . dry matter) .. , ...... . ,.' .. ". 1 [ ,...... . ..... , .o~o , 0~0 
.961 
1. 407 
.203 
Tomato JUlce (90 % dry matter) . ... , .. , .. ' """ ' 1 , ..... , I I ,C14 1 .014 
Wheat embryos (90 % dry matter) ... .. . , 1 ..... ,' . . , .. ,. . ... ,. . .034 1 .034 
Tankage ....... , .............. , .. , ... . '1 .569 .461 .433 .533 .756 .808 .544 .532 .403 .432 
Block salt ......... .......... ,......... , 004 .003 .004 .003 I .005 [ .005 1 ,003 1 .003 ,003 ,',02 
""Total .... , ....... · .. , .... , ...... · .. , .... 1 1.159 1.703 2.187 1.773 [ 2.073 1 1.715 1 1.949 [ 2.253 1.840 1 1.632 
""Total (average per group) .......... -:-:-:-: 1- 1.431 1.980 [ 1.894 1 2.101 1.736 
""Av. daily feed consumed per 100 lb. . I I I I 1 1 
!iveweight .............. · .. , ............ 1 5,197 6.155 6,382 6.124
1 
6.069 5.534 6.556 1 6.363 6.994 1 
Feed required for 100 lbs. gain: ' 
Shelled corn ...... , .. , .................. ! 97.05 146.18 171.58 135.75 13S, 58 84.77 I 162.36 168.19 163.29 
7.771 
163 .23 
239.00 
34.53 
"Cows' whole milk (natural) , ........... 1 356.32 198.54 157.75 185,64 1 172,57 1 175 .69 1 192. 80 157.75 191.92 
Cows' whole 1)lilk (90% dry matter) ..... 1 51.48 28.68 1 22.79 26.82 1 24.93 1 25.38 1 27.85 1 Z2,79 27.73 
Orange juice (90% dry matter) ..... . . , .. 1 1 1. 80 2.13 
Egg (90 % ory matter) ................... i 
Tomato juice (90 % dry matter) ... ··.· .. 1 
Wheat embryos (90 % dry matter) ... . .... 1 
Block Salt ." .. " . . " .. ,.".,.,.... . ... . 93 .42 .41 
71. 01 
.46 
Tankage ... . , .. " ....... , ...... , .. ' .•. '. 1' 144.16 65.05 \ 48.57 
""Total .................................. [ 293.62 340.33 1 245,15 I 236.17 
2.41 2.46 
92.64 1 100.90 
.59 .60 
254.15 1 214.11 
1.94 I 1. 58 
I 4.53 I 74.58 59.66 54.92 .44 1 .36 .45 267.17 252.58 1 250.92 
I 5.65 73.40 
.36 
277.17 
""Total (avel'a:::~< group) ... . .... , ...... [ 266.98 1- 240.,::6::.6 __ --'-__ ---=:::.:.:.::: __ --L __ ----=:::::.:::::~_.....!. __ ----=~::::: __ _ ~·9.88 1 264.G~
.Cows' wl--'"lle milk on natural basis not included in calculations of totals. However, cows' whole milk reduced to a grain dry matter basis 
is added in; this puts the figures on a comparable basis . 
•• Includes cows' whole milk and vitamin feeding materials on grain dry matter 90 0/0 basis. 
,... 
t-:) 
<.0 
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TABLE XXIII. VITAMIN FEEDING MATERIALS CONSUMED PER PIG DAIL't 
AND REQUIRED FOR 100 POUNDS GAIN (NATURAL BASIS) 
Ninety days-total experimental period- June 14 to Sept. 12. 1920. 
(All figures in pounds.) 
I Whole milk- I Whole miik I Whole milk I Whole milk I Wh\,le milk-
: (checki plu.s ?range plus egg plus toma- plus wheat I Group I JUIce Group III to juice embryos 
I Group II I Group IV 1 Gr.oup V 
-:----;--:-;---;.,.---,-,,1 ---=I_I';----=-'II I III 1 IV 1 V 1 VI I VII 1 VIII 1 IX 1 X 
Av. daily vitamin I I 1 
consumed per pig: 1 1 
feeding materiels ! ) 
Orange juice" 'I' ..... 1 .... . . 1 : 1191 .119 ............................ -- .... .. 
Egg ................ 1 ..... 1 ...... 1...... .066 .066 ...................... .. 
Totmato juice .. 1...... ............. ...... ...... ...... .249 .249 .......... .. 
Wheat embryos ...... \ .•.... \ .... " I .. .... ...... ...... ...... ...... .033 .033 
Vitamin feeding 1 \ 
materials reQuired l I 
for 100 lb. gain: I 1 
Orange juice ... , ........... ' 113.37 15.89 I .................................. .. 
Egg ............................. · · · ·· · 1 8.11 8. 26 1 ....................... . 
Tomato juice ........•.. . " .1 ........................ 34.10 27.90 .......... .. 
Wheat embryos ........................ 1. .. ... ...... ...... ...... 4.46 5.56 
while the check pigs receiving whole milk, not supplemented, 
made the least gains. 
Table XXIII, inserted for reference, gives the vitamin feed-
ing supplements, as fed, natural basis. 
Table XXIV shows the percentage comparison of gains made 
by all groups. 
The orange juice fed pigs, Group II, made the greatest gain 
during the entire experimental period. 'l'hey excelled Group 
I, check, by 49 percent, but only excelled Group IV, tomato 
juice pigs and Group III, egg fed pigs, by a narrow margin. 
Group V, composed of the cull pigs, excelled the check Group 
I, but made less gains than did the pigs in the supplemented 
Groups II, III and IV. 
In economy of gains, the egg fed pigs led while the orange 
juice fed pigs were a close second. The tomato juice fed pigs 
stood third, followed by the wheat embryo fed pigs. The check 
pigs were last. 
The crude protein consumed per pig daily during the 90 
days of feeding is given in table XXv. 'rhe protein consump-
tion was made larger because of the 60 days of vitamin-pro-
TABLE XXIV. AVERAGE DAILY GAIN 
Entire 90-day period. 
----- --------.j-C,,-o-m- parison. 
Av. daily percentage 
gains basis 
(I)ounds) (Group 1=100) 
Group- I---=Check-.-.. ~ .......... -:- ...•........ ---.5-5-2----- 1-0-0--
Group II - Check. p lus orange juice................ .822 149 
Group III- Check. plus eggs ...... . ......•......... .809 147 
Group IV- Check. plus tomato ju;ce .... .. .......... .811 147 
~roup V -Check. plus wheat embryos.............. .661 120 
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TABLE XXV. CRUDE PROTEIN CONSUMED AVERAGE DAILY PER PIG 
90 days, June 14 to Sept. 12, 1920. 
(All figures in pounds.) 
-""L,...o..,.t-n-o.----.-- -;CI =-;I--;-II;--'I""I~II;----,I~IV 1 V 1 VI I VII I VIII I IX I 
Orange juice ... \ .... .... . 001 .001 .. .. .... .. .. 
X 
.0~5 
.051 
Shelled corn ... 1 . 038 I .103 I . 152 I . 101 \ .108 1 .067 1 .1l~ .149 1 . ll~ 
Cows' whole milk l .051 \ .051 .051 I .050 .051 . 051 1 .051 .051 .05 1 
Egg ............ .... .... .. .. , .... .009 .009 .. .. 
i?~:~o j::'~:yo~:: 1 ::: : :::: :::: :::: I :::: :::: : ~~~ . 002 .010 .010 
Tankage ........ \ .340 I . 276 \ .259 \ .3 19 \ . 452 .483 .325 \ .318 .241 .258 
Total. .... .. 429 1 .430 .463 .471 .620 .610 . 496 .520 .421 .414 
Av. per group ... 1 . 430 1 .467 .615 .508 .418 
tein-mineral carrier supplementation. The increase occurred 
practically entirely in the tankage and corn grain proteins. 
The crude protein required for the hundred pounds of gain 
made during the 90 days of feeding is given in table XXVI. 
The protein consumption was gr eatly decreased in all groups 
by the addition of the vitamin-protein-mineral carriers. 
The Measnred Growth of the Pigs 
Table XXVII shows the average initial and final measure-
ments per pig with the absolute and p ercentage increase. 
These figures for the entire period show clearly the beneficial 
effects of the vitamin feeding. The difference was more pro-
nounced at the end of the 90 days than at the end of the 60 
days, indicating that Group I pigs were sufficiently inhibited 
in growth by the lack of proper supplementation so that they 
made the poorest growth of all groups. 
Geneml Observations 
All of the pigs exceptin g the check lot showed an abundance 
of glossy, clean appearing coat. Apparently the check lot pigs 
lacked something worth while in t heir ration. 
The two pigs of check Group I and the two in Group II, 
orange juice fed, showed marked weakness in pasterns. The 
TABLE XXVI. CRUDE PROTEIN REQUIRED FOR ONE HUNDRED POUNDS 
OF GAIN 
90 days, June 14 to Sept. 12, 1920. 
(All fi g u res in pounds .) 
Lot n o. 1 I I II I III 1 IV I v-"'v"'I"'---'I-;'v;'I";"'1 ""IV"'I;'I";"'I I TIVX--'I-;:X~ 
Shelled corn . . ....... .. .. \ 9.1f4 \ 14 .5~ 17 .04 113.4M la .26---s:42 16.12 \ 16.70 \ 16 .2 1 \ lo. ~ 1 
Cows' whole milk . ....... 12.83 7. 15 5.68 6.68 6.21 6.32 6 .94 5.68 6.91 8 . 60 
~~ra::"::ii::. : : : : : : : : : : : : t : : :: ::::: ::: ~~ ::: ~~ : ~ : ~~ y ~~ ::: ~~ : : : ~~ ::::: ::::: 
Wheat e!llbryos . . . ..... . '1" .... ..... ..... .. .. . ..... ..... ..... ..... 1. 31 1. 64 
Tankage ' ....... ......... . 86.2238.9129.0542.4755.4160 . 3544.61 35.6832. 8543.90 
Total. ......... . . 108.6960.5851.8362 . 7175.9376.1667.9458 . 2857.28170.35 
Average per group...... . 84.64 57.27 76.05 63.11 63.82' 
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TABLE XXVII. BODY INCREASE OF PIGS 
Initial and final measurements, absolute increase and percentage increase. 
90 days, June 14 to Sept. 12, 1920. 
I None 
II Orange 
juice 
III Egg 
IV I Tomato 
juice 
(All measurements in inches.) 
Measurement 
Initial 
Final 
Ab30lute inc. 
Percentage inc. 
Initial 
Final 
Absolute inc. 
Percentage inc. 
Initial 
Final 
Absolute inc. 
P ercentage inc. 
Initial 
Final 
Absolute inc. 
Percentage inc. 
I 8.10 / 5.25111.901 4 .70/ 3.80 1 13.30 / 2 . 60 16.75 8.75 26.25 9.00 6.25 30.00 4.13 
8.65 3.50 I 14. 35 1 4 . 30 2.45 1 16 .70 1.63 
106 .79 66.67 120.59 91.49 64 . 47 126 . 56 65.20 
8.10 1 4.65 1 11.851 4.381 4.13 / 12.75 / 2.58 
I 17.00 10.50 I 30.75110.50 I 7.25 1 33.00 I 4.60 
I 8.90 5.85/ 18.90 6.12 1 3.12 1 20.2'5 1 2.02 
1 109 . 88 125.81 1159.49 139 . 73 1 75.54 1158.82 1 78.29 
I 7.40 5 . 35 1 12. 25 1 4. 30 1 4.40 1 13.00 I 2.55 18.25 10.75 30.50 10.00 7.00 33.00 4.65 
I 10 .86 I 6.401 18.25 I 5.70 I 2.60 20.00 1 2 . 10 
146.62 \ 100.93 11148.98 132.56 ! 59.09 153.85 82 . 35 
7.75 6.25 1 12 .75 4.28 4.03 12.75 2.55 
18.25 10.25 1 31..50 10.00 7.26 33.00 4.70 
10.50 5. 00 18.75 5.72 3.22 20.25 2.15 
/ 135.48 95.24 1147.06 133 .64 79.90 158. 82 84 . 31 
V Wheat Initial I 6.25 4.151 9.36 3.50 2 . 88 9.80 2.00 I embryos Final 17.00 9.25 30.00 9.25 6.00 30.25 4.35 ~:::~~~:g~nf~c . 1 1~ng 1 12n~ 2~U~ I 16tJg 10U~ 2~~::~ ll~:~~ 
---' __ ----''-_____ "--_--'--_----'.1_ I I 
groups receiving tomato juice, wheat embryos and eggs showed 
up well in leg development and strength of pasterns. 
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